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INTERPRETED LANDSCAP E UNITS 
Abstract 
RO BERT DEAN HEIL 
Under the supervision of Professor Fred C. Westin 
A physiographic terrain analysis study using the principles of 
airphoto interpretation was made: (1) to determine the internal homo-
geneity of airphoto interpreted mapping units, (2) to determine the 
variability in characteristics among different occurrences of the same 
mapping unit, and (3) to determine if the units differentiated were 
sufficiently different to warrant discrimination. 
The study was conducted in Sedgewick County, Colorado. The 
study area was comprised of four distinctly different land forms: a 
major river and its associated floodplain and terraces; a level to 
nearly level loamy upland plain; a level to sloping sandy upland plain; 
and steeply sloping, sandy and gravelly rough broken lands. 
Five soil characteristics, namely, soil drainage, soil depth, 
surface soil texture, subsoil texture and water-holding capacity; two 
soil related characteristics, namely, parent material and slope; and 
three use classifications, namely, range site group, land capability 
class, and engineering class of both the surface and subsoil were used 
to evaluate the predictive value of airphoto interpreted mapping units 
i 
for moderately extensive land use. A detailed standard soil survey 
was used to determine the definitive characteristics of the airphoto 
interpreted mapping units. 
Internal homogeneity values ranged from 42 to 100 percent over 
all mapping units and all characteristics. Results obtained showed 
that of 86 total mapping units studied, 82 or 95%, 76 or 88%, 72 or 
84%, 58 or 67%, 67 or 77%, 5 7 or 66%, 8 3 or 9 6%, 7 6 or 88%, 71 or 
82%, 65 or 75% and 52 or 60% were> 75% internally homogeneous for 
parent material, slope, soil drainage class, water-holding capacity, 
surface soil texture, subsoil texture, soil depth, range site group, 
land capability class, and unified engineering classification of the 
surface and subsoil, respectively. 
Airphoto interpretation was considered successful for providing 
relatively homogeneous units with respect to parent material, slope, 
soil drainage class, soil depth, range site group, and land capability 
class. Homogeneity values for texture were based on actual textural 
class which resulted in lower homogeneity values for texture, water­
holding capacity and engineering classification. 
Variability in characteristics among different occurrences of the 
same mapping unit was evaluated by grouping similar mapping units 
into what were termed land facets. Sixteen land facets were developed. 
Of 143 comparisons made, 13 exceeded coefficients of variability of 
>20 percent; with the highest being 24 percent. The larger coefficients 
ii 
of variability were associated with subsoil texture, water- holding 
capaci y, and engineering classification of the subsoiL Results 
obtained indicated that variability in land facets for different character­
istics varied considerably among different land forms. Low lying 
terraces or bottomlands consistently showed greater variability for 
nearly all characteristics. Transition zones between sloping hum­
mocky areas and level areas on the sandy uplands also showed larger 
variability in all characteristics. Coefficients of variability were 
considered acceptable for defining land facets which are sufficiently 
simila·r that one can make rather precise statements about their 
characteristics. 
The results indicated that a high degree of success was 
achieved with respect to grouping mapping units having similar defini­
tive characteristics. Eighty two of 85 mapping units were placed into 
the correct land facet. All land facets except two were sufficiently 
different in characteristics to warrant discrimination. In general, 
the results indicate that there is a consistent relationship within a 
mapping unit in the degree of homogeneity with respect to parent 
material, soil drainage, soil depth, slope, range site group and land 
capability class. 
From this study it was concluded that airphoto interpretation was 
successful for delineating landscape units that are sufficiently homo­
geneous with respect to parent material, slope, soil drainage class, 
iii 
soil depth, range site group and land capability classification to have 
predictive value for moderately extensive land use. And except for 
two land facets, one occurring on low lying terraces, and the other 
in the sandy uplands, a moderate to high amount of success was 
achieved with respect to delineating units that are sufficiently homo­
geneous for soil text re. 
iv 
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INTRODUCTION 
Most countries are very largely dependent on the wise utilization 
of natural resources for their advancement . Each country has its own 
sociological, economic and cultural ambitions and these influence the 
manner by which a country approaches its natural development . 
The features of a country which are regarded as natural resource 
factors of direct importance to a country 1 s development are varied. 
They included the physical features such as climate, water, soil, 
minerals and the biological features -- vegetation, wildlife and fisher­
ies. The successful development and proper use of these natural re­
sources depends on a thorough knowledge of their nature, geographic 
distribution and extent. 
Various methods have been used by different countries for the 
purpose of physical resource stocktaking. Most all countries have 
some information about their own physical resources, however only 
in a few is the job anywhere near completed. In most countries, rapid 
development is making it necessary to evaluate existing methods for 
inventorying physical resources in terms of their cost, speed and 
reliability. In many countries the available technical information is 
not in a form that can be assessed in a comparative way, having been 
obtained at different scales of study or according to different concepts. 
The reason for this being that information on different resources has 
been collected by different organizations seeking knowledge about 
one particular re source . 
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In some countries, notably the United States, single factor 
surveys based on intensive field mapping studies have been used as the 
principal method for providing physical resource information. In 
other countries, notably England, Australia and South Africa, physi-
o graphic terrain analysis, which makes extensive use of airphoto 
interpretation, is becoming the principal method for providing physical 
re source information. 
The above approaches both have advantages and disadvantages 
relative to providing physical land information . A great deal is known 
about the suitability of single factor surveys as a method of physical 
resource stocktaking. In general, these types of surveys are very 
useful and reliable. However, they do have two distinct disadvantages, 
namely; the pro gr es s of the surveys are usually so slow that an area 
cannot be expected to be surveyed for many years and thus intelligent 
land use decisions are greatly retarded and secondly, the cost of the 
survey cannot be justified if an area is developed before the resource 
information becomes available. 
As mentioned previously, airphoto interpretation is used ex­
tensively in terrain analysis . This speeds up the progress of surveys, 
however many people feel that the mapping units provided by airphoto 
interpretation are not quantitative. Thus, the classifications of land 
which may have been soundly conceived are not effective because of 
poor map work. 
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There are many reports concerning the attributes of physiographic 
terrain analysis for providing accurate physical land information. 
However, only rarely have any actual data been presented that show 
the homogeneity of airphoto interpreted units in terms of supplying 
physical land information precise enough for making reliable 
predictions . 
This study was undertaken in an attempt to provide additional 
knowledge about the homogeneity of airphoto interpreted landscape 
units for some soil characteristics and other physical land features. 
LITERATURE REVIEW 
Introduction 
Very little is known in a comparative way about the opportunities 
and/or cons raints of existing methods used for physical resource 
stocktaking. The first part of this literature review considers different 
approaches to physical resource stocktaking. The second part of the 
review compares the objectives and concepts of the various approaches 
and the third part of the review considers the various approaches in 
terms of the opportunities and/or constraints they offer as physical 
resource inventories. 
Finally, the problem of the mapping unit as developed by the 
various survey methods is discussed and the objec ives of this study 
are outlined. 
Approaches to Inventorying Physical Land Resources 
Single Factor Survey Approach 
The process of resource stocktaking in some countries, notably 
the United States, has involved several kinds of physical surveys. 
They are mostly single factor surveys, such as the United States 
Geological Service topographic survey, soil, vegetative, geologic, 
hydro logic, salinity, and erosion surveys and perhaps others. 
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For example, the United States Bureau of Reclamation has 
developed a soil survey program and corresponding land classification 
scheme which outlines classes of land for suitability for irrigation 
according to water repayment of the land (Bureau of Reclamation , 
1 953; Storie, 1 9 64 ;  Maletic, 1 9 66) . 
The Soil Conservation Service of the USDA has developed a 
soil survey program that records soil, slope and other soil related 
characteristics, from which a number of classifications, namely, a 
Land Use Capability Classification ( Klingebiel, 1 9 58) ,  Range Suita ­
bility and Woodland Suitability Groupings have been developed to serve 
various organizations having a specific need . 
The American Association of State Highway Officials and the 
United States Corps of Engineers have developed soil classifications 
which are used in engineering applications ( A  .. A. S .. H .. O . , 1 9 55;  
Unified System, 1 9 55 ) .  
Economic land classification has been developed to determine 
the income potential of land ( Kellogg, 1 940 ) .  
In addition, the United States Forest Service records soil and 
topography in site evaluation for timber production and revegetation 
and other uses .  
At the present time, few i f  any of these surveys and or classi ­
fications are coordinated or integrated among the individual agencies 
responsible for making the different surveys . The result has been the 
development of a number of survey programs and corresponding 
6 
cla s s ifications dir ected to different specific pur pos es  in agricultur e 
or othe r type s of planning . Each of the cla s sificati ons use s s ome 
or gani zed grouping or schematic ar rangement of s oil ,  geologic, topo­
g raphic, a s s ociated land featur es , and climate . They have been 
developed s pecifically for a plannin g purpos e or need of an individual 
g r oup or agency .  
Most  of the su rvey programs which s uppl y  the information for 
the vari ou s  interpreted cla s s ifications do not portray phys ical land 
conditions in natural variations as they occur in the field. In othe r 
words thes e  s urvey s are inte rp r etive in nature . The s urveys 
interpret mapped  land conditi ons  or r e s earch s tudy programs into 
s ome form of a land or s oil cla s sification .  T here i s  dive r genc� in 
the methods and nomenclature by  which either mapping or res earch 
p rograms a re recor ded and s ince in mos t  ca s e s  the phys ical land 
s u rveys are a means to an end - - an inte rpreted cla s s ification - - s hor t 
cuts are made in ba s ic mapping in order to make the phys ical map 
appr oach the interpreted clas sification in detai l .  Thi s  appear s to  have 
le s s ened the value of thes e  type s of inventorie s for use  by an agency 
othe r than the one making the inventory. 
In recent year s,  soil  s urvey ha s eme r ged as  the most s ignificant 
method of physical land stocktaking in the United States . T hi s  has 
occur red prima r ily becau se the s oil s urvey records more land featur e s  
than other types of survey s .  V egetative, geol ogic, topographic and 
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hydrolo gical surveys are not well adapted as physical land inventories 
because 1) some record single features o nly, 2 )  some have too few 
data points for constructing reliable maps, and 3 )  in many, the scale 
of mapping is usually too small. 
Initi ally, soil surveys were used primarily for making interpre ­
tations for agricultural and conservation uses in farm and ranch 
planning. In recent years, however, due to increasing development 
pressures, soil survey information is be ing used substantially as a 
re so urce information source in planning future urban, industrial, 
suburban and recreational as well as agricultural development 
( B artelli, et al. , 19 6 6 )  
Integrated Survey Approach 
In many countries population and economic pressures are en­
forcing action to utilize resources better and more completely. Thus 
a systematic approach to the development of faster and less costly 
means to inventory and assess physical land resources has been 
es sentiaL 
In contrast to the soil survey which has emerged as the basic 
comprehensive approach to physical land stocktaking , in some countries, 
notably the United States, other countries are favoring physio graphic 
terrain analysis. 
Physio graphic terrain analysis has become popular because it 
uti lizes airphoto interpretation as the major method for separating 
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1 1  · errain' ' or na ural land units . This redu ces the amount of field time 
required for making surveys . The system is based on the assumption 
that a similar climate , or su c cession of climates, a c  ing upon similar 
ro cks in areas of similar geologic history is likely to give rise to ter ­
rain with similar attrib utes . Next, it is assumed that the development 
of the physiographi c elements of landscape regulated to a considerable 
extent by the properties of terrain also de ermine its suitability for 
agri cultural, military, engineering and oth r uses . 
Physiographi c terrain analysis is supported by a classifi cation 
that is based on the concept that physiographic terrain units, identi ­
fiable on aerial photographs, with their similar attributes are likely 
to collate more useful information than a simple parametri c description 
of lands capes based only upon parametri c attributes i. e. , interpreted 
land units . This approach to physi cal land sto cktaking is a well ­
developed lands cape scien ce whi ch re cognizes the possibility of di ­
viding the landscape into a hierarchy of "natural land units 1 1  that 
portrays physi cal land conditions in natural variations as they o c cur 
in the field without attempt at interpretation . An attempt is made to 
co-ordinate efforts and methods in physical land sto cktaking and pro-
vide a simple nomenclature for one common form of basi c survey 
from whi ch interpreted classifi cations can be made specific to a 
planning purpose by those interested in that spe cifi c use of the land 
or resource . 
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This approach to inventorying phys ica l  land r e s ource s  is not a 
new one . Re fe r e nce s ource s  indicate that a la rge amount of activity 
began to occur in thi s a r e a  during the latte r  part of the ninete en h and 
e a rly part of the tw e ntieth century .  
In the latte r  part of the ninete e nth century, Dukuchaye v, a 
Rus s ian geographe r , r ecogniz e d  natural land z one s and complexe s 
and d e ve lope d the concept of geographic land s cape s  (Chri s tian and 
Stewa rt, 1 9  68) . At about the s ame time , Bowman, working in the 
Unite d  State s , d evelope d  the concept of 1 1 topogr aphic type s " ( He ath, 
1 95 6) .  Also about this s ame time , Fenn e rman de ve lope d what he 
te rme d  the phys iographic region s  of the Unite d  State s (Fenn e rman, 
1 91 6). Late r , Ve atch (1 9 33, 1 9 37)  clas s ifie d  the agricultural land s 
of Michigan and d evelope d  the te rm 1 1 natur al land type 1 1 • He s ugge s te d  
that a map of natural land type s  would be s ubject to no gr e ate r change 
and would have no le s s  pe rmane nt value than a s oil or ge ological map .  
At about the same time , Bourne ( 1 931 ) ,  who wa s  conce rne d with 
inventorying the for e s t s of the Briti s h Empir e  countrie s , r ecogniz e d  
that major re gion s ar e  clearly divi s ible into what he te rme d  1 1 s ite s 1 1  
(Bourn�, 1 9 31 ) .  He d efine d a s ite as an a r ea which appe a r s for all 
practical purpos e s to p rovide throughout its exten  s imilar conditions 
of climate , phys iography, geology, s oil and e daphic factors in gene ral . 
Als o about thi s same time Milne ( 1 93 5 ) ,  who felt that the s oil 
type a s deve lope d from the taxonomic cla s s e s  for s oil cla s sification 
1 0  
was not suitable for mapping purposes, developed the 1 1 catena 1 1  concept 
for grouping soils . 
Interest and research in "terrain evalua ion" became highly ac ­
celerated with the start of World War I I . During this period there was 
a great development in aerial photography and along with this develop­
ment a n  ed for predicting terrain conditions on a quantitative basis 
in the planning of military opera ions . 
Since World War I I, over 37 agencies in the Depar ment of 
Defense of the United States have been involved in area analysis, en­
vironmental research and other programs related to terrain 
( Needleman, 1 9 68 ) . Their common objec ive was to obtain knowledge 
of the physical and cultural environment in all parts of the world . 
Needleman has made a comprehensive review of the work that has 
been done in earth science in the United States as applied to military 
use of natural terrain. Unfortunately, these studies have been directed 
mainly toward military needs and few attempts have been made to apply 
this information to civil purposes . 
Very recently, interest and development of new techniques in 
remote sensing has increased the amount of activity relative to applying 
these techniques toward civil needs . However, the development of 
"terrain evaluation", as it applies to civil needs, appears to be much 
more advanced in other countries . 
Interest in terrain analysis as is applied to civil needs, began in 
Australia in about 194 6  with extensive resource surveys in undeveloped 
1 1  
parts of  Austria lia being conducted by the C o mmonwealth S c ientifi c 
and Industria l  Research Organi z ation ( C SIRO ) of  Australia. The 1 1 land 
unit" and " land system 1 1  co ncept was develo ped by these workers aimed 
at pro viding both a basic and functiona l division of  the lands cape 
( C hristian and Stewart, 19 5 3 , 19 5 8 ) .  The land system was defined as 
an area or gro up of areas, througho ut which there is a recurring 
pattern o f  to po graphy, so ils and vegetation . The land unit was further 
defined as a land form of varyin g  complexity determined by the nature 
of the land form accepted as the units o f  study . 
Terrain analysis studies in Australia were develo ped spec ifically 
for the purpose of land -resource surveys in undevelo ped areas, and 
were based on the extensive use of aerial photo graphs for delineating 
mapping units combined with field surveys . The A ustralian s ystem of 
physica l resource stocktaking has been applied to a wide range of terrain 
types with a hi gh degree of success and interest in future development 
o f  this techni que ( Wri ght, 19 5 8 ,  19 64;  Downes et a l . , 19 5 7 ). 
Like the work in the United States, the early work by the Military 
Experimental Establishment ( ME XE ) in England was directed toward 
the potential for predicting so il and terrain conditions to meet military 
needs. Since 19 64 however, the ( ME XE ) gro up in coo peration with 
workers at C ambrid ge and Oxford have directed most of their studies 
toward civi l applications . Their objectives were similar to those of  
the Australian workers, that is, they wanted a system which had the 
1 2 
potential for predic ting soil or land conditions over large areas of 
relatively undeveloped countries where information was sparse (Beckett 
and Webster, 1 9 6 9 ). 
The approach developed in England, like that in Australia, was 
based on the concept that various different landscape features are 
distinguishable on air photo graphso These features were not identified 
at this stage, but they were seen to re cur, and whatever they · are 
they are c las sified o Then a few examples of  each class of features 
were examined in the field in detail, during which operation information 
was collected on the soil, ro ck, water re gime, ve getation and other 
conditions. The information thus obtained from a few examples of 
each class was assumed to pertain to all o c c urrences of  that class. 
The initial system developed by the Australian workers and that 
developed in England appeared to be very similar ex cept for one basic 
difference. The Australian workers, having a particular interest in 
the biolo gic al significance of surveys, re garded all terrains as unique 
and did not attempt to c lassify terrain but rather analyzed each into 
similar and dissimilar units which were then sampled, assessed or 
subje c ted to research according to their characteristics and importance . 
On the other hand, the approach developed in England was based on the 
concept that in order to make predictions abo ut ground conditions in 
general, at an inac cessible site, you must be able to infer them from 
the known conditions at an ac cessible site o f  similar terrain. Thus the 
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w o rkers in England felt that in o rde r to judge whethe r  sites are similar 
a classification was needed ( Beckett and Webster, 1 9 69 ) .  
The workers in England felt that the immense amount of data 
co llected in a resource inven o ry are clearly beyond the capacity o f  
any single human memo ry and that the exper iences and knowledge of 
land classifiers sh uld be reco rded so that these are always available 
and usable by all ( Beckett and Webster, 1 9 6 9 ) .  Thus the classification 
that was ul timately develo ped is applied thro ugh the reco gnition o f  
analo gues f r o m  sto red data . Beckett and Webster proposed that the 
only way of o r ganiz ing this info rmation was by means o f  an explicit·. · 
physio graphic ter rain classification that would include a library which 
w ould contain descr iption of classes of te r rain and also info rmation on 
thei r potential, w ith a suitable indexing and retrieval mechanism. 
The first comp rehensive o utline o f  a physio graphic te r rain 
classification was published in 1 9 6 5  ( Beckett and Webster, 1 9 6 5 ) .  The 
classification was developed on the basis that a successful classification 
would depend on ter rain classes w ithin each of which the terrain was 
o f  the same kind and which could be consistently reco gnized from ai r 
photo graphs o With this in mind they decided that the classification 
would have to meet four requi rements . F i rst, it was reco gnized that 
the info rmation that must be indexed is of  many kinds and relates to a 
w ide r ange of possible uses of ter rain. Thus, the classification needed 
to be a general purpose one .  Secondly, the system would allow fo r 
use o f  info rmation co llected at one site to plan land use at anothe r 
2 7 2 1 8 7  SuU ·i· H DAKOTA � TAT£ UNJ E.RSi"I 'f. L IBRARY 
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only if the two sites are similar . Thus the basic classes into which 
the ter rain is subdivided must be homogeneous . Thi rdly, ai rphoto 
interpretation would be the main tool, and the basic ter rain classes in 
any area of interest must be recogni zed on ai r photographs, with only 
limited gr ound check. There would be no point in defining any terrain 
class if its chances of being recognized from air photographs and 
background information were small . Finally, they concluded that the 
classification needed to be simple as no one would use a complicated 
system. 
With these criteria in mind a classification was proposed. At 
the practical level, two levels of ter rain subdivision were considered : 
Land Facet - - T his is the basic uni t  of the classification. It is 
a par t  of the landscape, usually with simple form, on a pa rticular rock 
or superficial deposit, and with soil and water regime that are either 
uniform over the whole of the facet or if not, vary in a simple and 
consistent way . Land facets were thought to be sufficiently homo­
geneous over thei r extent to be managed uniformly for all but the most 
intensive kinds of land use . The individual occur rences of land facets 
ar e such a si ze that they can be mapped at scales of 1 : 1 0 , 000 to 1 60 , 000 , 
and are recogni zable on ai r photographs at this scale or a little smaller . 
Land System - - This is the next higher category in the classi -
fication . This category was developed to collate information on the 
land resou rces of an area. These land systems are gr oupings that 
ar e  used to identify land facets easily . They are suitable for mapping 
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at s cale s of 1: 2 5 0 ,  0 0 0  to 1 : 1, 0 0 0 ,  0 0 0 . Thi s cate go ry is  us ed princ i ­
pally fo r s ubdivi s ion o f  a te r r ito ry into area s o f  a s iz e  s uitable fo r 
re gio nal planning and each with it s own development potential . The 
main function of  the land system i s  to as s i s t  with the identifi cation 
of the land facet  o r  facet s . Be ckett and Webste r fe lt that the identi -
fi cat ion  of a land facet without refe rence to it s a s s o c iated land sys tem 
wo uld be  ve ry difficult . The land system provide s the content within 
which re co gnit ion of any of the component land facet s  i s  us ually 
vi s i ble (Webs ter, 19 68 ) .  
The land fa cet and land system cate gor ie s a re the s imple bas ic 
cate go rie s of t er rain c las s if ication a s  define d by B e ckett and Webste r .  
It wa s fe lt howeve r, that thi s system may not be refined fo r all 
purpo s e s , i . e . , the land facet may not be unifo rm enough fo r all 
purpo s e s . Thus a te rminolo gy was provide d for s ub d ividing land 
fa cets  in s ituat ions  whe re a fine r te r rain subdivi s io n  is ne eded . The 
fi r s t  kind of s ubd ivi s ion defined wa s the ' land e lement .  It is part of the 
land facet . An example of a land element given by Webster  and Be ckett, 
would be a plateau facet  that may have two e lement s ;  a flat cre st  and a 
convex ma r gin, o r  a s lope fa cet  may be divided into uppe r and lowe r 
s lope e lement s . Land element s  are  often too s mall to  map at a s cale 
of fac et mapping, but s hould be vi s ible on photo graphs  at s cale s of 
1 : 1 0 , 0 0 0  to 1 : 5 0 , 0 0 0 . 
Provi s ions we re also made in the t e rrain clas s ifi cation for 
var iations in a land facet that are  not predictable from s urface 
appearance or from their position in the land system . These sub­
divisions were termed variants . An example of a variant would be 
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a land face that possesses different substrata, as grave 1 lenses 
buried beneath a floodplain, that need to be distinguished for various 
purposes . The identification and characterization of variants almost 
always necessitates field investi gations . 
In the physiographic errain classifica ion provision was also 
made for hi gher categories of land classification which are geographic 
stocktaking units. Consideration is not given t these categories here 
because they have no direct bearin g  to this study. 
When the classification system was first devised neither land 
facets nor land systems were restricted to a particular locality, nor 
was a given facet restricted to any particular land system ( Beckett 
and Webster, 1 9 69 ) .  It was ass umed that wherever sim ilar rocks 
weathered in environments of similar cl imates and tectonic and 
eros ion history, similar landscapes would be fo und . However, when 
the class ification was crit ically reviewed ( Brink et al . , 1 9 6 6 and later 
by M itchell and ]Herrin, 1 9 7 0 ) , it was found that as a general rule land 
facets were s uff iciently homo geneous and mutually d isti nct only when 
restricted to a s i ngle land system. F inally it was real ized that any 
class ificat ion on a global scale must start w ith recognit ion of their 
lo cal forms. So as the class ificat ion scheme now stands each land 
system is restricted in its occurrence to a particular locality . Land 
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facets are def ined separately for each land sys em and so are equally 
restricted - - each is a local form. Land facets in d ifferent land 
systems may, of  course, be similar. But hey are assumed otherwise 
in it ially . 
In this classificat ion scheme all information to be stored abo ut 
the land is indexed in terms of the land facet. In ord r o retrieve the 
information relevant to any area only the land facets present need to be 
ident ified. No other classification such as soi.., geology, clima e or 
ecology is needed as an intermed iate stage. 
The system developed by Beckett and Webster is not necessarily 
un ique nor or ig inal with them. Classifications of erra in that define 
un its similar in concept to the " land facet" and 1 1  land element" had 
been proposed before ( B o urne, 1 9 3 1 ;  Unstead, 1 9 3 3 ;  Milne, 1 9 3 5 ;  
Veatch, 1 9 3 7 ; Linten, 1 9 5 1 ;  and Lueder, 1 9 5 9 ) . Un its s imilar to the 
concept of  the " land system' 1 were developed by Christian ( 1 9 5 8 ) and 
Solontsev ( 1 9 6 2 ) .  
Beckett and Webster ( 1 9 6 9 )  found however, that few if any of  the 
other workers had carried out trials of their classificat ion to det rmine: 
a )  whether they were comprehensive, i . e . ,  whether their units 
accounted for all the terrain of any area; b )  whether the basic units 
were in practice sufficiently homogeneous for any of the purposes 
intended; or c)  whether the un its as defined were consis ently rec g­
n izable either by a single interpreter or by different interpreters. 
Thus they developed a major se of trials to check these points. 
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A t r ia l co nd uc t e d in an a r e a  of 4, 0 0 0  km
2 
in s o uth ce nt r a l 
E ngla nd s how e d that o nly 2% o f the land co uld not be clas s ifi e d by 
th e i r  s y s t em .  To th i s extent they co n s id e r e d  th e  c la s s if i c at io n  to be 
9 8 %  compr ehe n s ive . Onc e the land had b e e n  c la s s if i e d a nd mappe d  
th e mapp in g un it s  w e r e  te s te d fo r th e i r homo ge ne ity .  It wa s  fo und 
that co e ffi c i e nt s of va r iat io n  w ithi n  fa c ets fo r s o il wate r ten s  ion and 
fo r  me chan ical pr o pe r t i e s of th e s o il va r i e d  fr om 4 to 1 6  and 1 6  to 3 0%,  
r e s pe ct ive ly. The s e  va lue s  we r e  co n s id e r e d  s uff ici e ntly small fo r 
mak in g use ful ge n e r a liz atio n s  a bo ut th e s e  pr o p e rt i e s . I nt r a c la s s 
co r relat io n s be tw een 0 .  5 and 0 .  7 ind icat e d a h i gh d e gre e  of s e pa r at ion 
be tw e e n clas s e s . Re s ult s  o bta ine d  fo r the s o i l  che mica l pr o pe rt i e s 
w e r e not a s  e nco ur a gin g .  Va r i a nce s  a nd co e ffi c i e nt s o f va r iat ion we r e  
la r g e fo r avai labl e P, K,  and C a C 0
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e quiva l e nt , b ut w e r e  re a s o nabl e 
fo r pH ( 8% ) and o rgan i c matt e r ( 3 1 .  4% ) .  
It wa s  co nclude d that i n  an a r e a  w ith a lo n g hi s to r y of dive r s e  
a g r icult ure, that th e mapp in g un its w ere not s u itable uni t s fo r  r e li ably 
p r e dict i n g chemi c a l cha ract e r i s t i c s . The s e pa r at io n s  be twee n  c la s s e s  
w e r e a l s o quit e po o r  relat ive to chemi c a l cha r acte r i s t ics . 
In ge n e r a l ,  B e ckett and W e b s ter ( 1 9 6 5 )  concl uded that the t r ials 
clearly s how e d the class e s  of th e s y s t em to be r ea s o nab ly int e r na lly 
ho mo ge ne o us , at lea s t  with r e ga rd to pr o pe rt ie s  of e n g ine er i n g s i gn i fi ­
c ance . They fe lt that perhap s in an unde ve lo p e d a r e a o ne m i ght expect 
t e rr a in cla s s ificatio n to be mo r e  p ro fi t abl e wi th respect t o pr e d i ct in g 
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so i l  chemical propert ies . It was concl uded fur her that the res ults of 
the trials indicated the classification was comprehens ive and the classes 
were recognizable .  
B efore proceed ing from the purely research phase of the classif i ­
cat ion t o  its development, Beckett and Webster felt tha there was a 
need for coord ination between their view and that of other work rs in 
other parts of the world because of the parallelism that appeared to 
ex isL They noted that a parallel ism throughout the o currence of 
d istingu ishable units of landscape had emerged not only in w idely 
d ifferent parts of the world, b ut also from the t ime of early geographers . 
Representati es of the Mil itary Eng ineering Estab lishment 
( ME XE ) ; the Department of A gricult ure at Cambri d ge; C SIRO of 
A ustral ia and the Nat ional Inst itute for Road Research, South Africa 
met in 19 6 5  to review their progress and to explore what needed to be 
done to make the best use of terrain class ificat ion ( B rink et a l . , 19 6 6 ) . 
The group although from widely d ifferent parts of the world 
fo und that their concepts were in very close a greemen . They found 
that the underlying principles of their approaches were common to all, 
namely: 
( 1 ) Terra in patterns on one kind or another are almost universal .  
( 2 ) They can be subdivided into recurring homo geneous units . 
( 3 ) They and their component uni s can be recognized and mapped 
using aerial photographs . 
( 4 )  They can be used fo r economical co llection, indexing and 
r et r ieval of info rmat ion on land r eso u rces. 
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F ur the r, the gro up discusse d  and agr e ed to the le vels of t e r rain 
c lassification and the ir nome nclat ur e as deve loped by B eckett and 
W e bst e r. The y  also o utline d  a possible data sto r age system in which 
all info rmation on land reso urces wo uld be indexed not only fo r i s 
cont ent, but also according to the land syst m, land facet and if 
necessary, the land element to which it r f r red.  
Having agr e e d  on pr inciples, nome nclat ur e ,  and methods, the 
next ste p  was the deve lopme nt phase . St udies we r e  deve loped to 
extend the t e r r a in classif ication to large r,  mo r e  r emot e  areas whe r e ,  
pro vided that each land facet was still unifor m, the class ification 
co uld be use d  as a framework fo r the collect ion of land r eso urce data, 
and fo r the sto rage and r et r ie val ( B eckett and W ebst e r, 1 9 69 ) .  
B e fo r e  the st udies w e r e  car r ied o ut ,  it became apparent that if 
t e r rain info rmation was to be useful, the map units wo uld have to be 
descr ib e d  in s uch a way that the use r  who, tho ugh fami l iar with the 
pr inciples invo lved, wo uld us ually lack the same leve l of expe rt ise , 
co uld r eadily r ecogniz e the land facets. Thus a module was devised 
to cont ain fo r each land system all the mat e rial necessary fo r r ecog­
ni zing its const it uent parts, land facets, and whe r e  define d separately, 
land var iants and e lements ( W ebst e r, 19 6 5 £, 1 9 6 7 6 ) .  The mo d ule 
consists of an enve lope bear ing ve rbal desc r ipt ions o f  the land syst m 
as a whole and all the land fa ce s pres ent,  to g ther w ith th e b lock 
diagram . The enve lope also conta ins se le ct  st ereo a ir photo graphs 
annot at e d to i llustrat typi cal, and where ne cessary, not so typical 
examples of the land system ( B e ckett and W e bster, 1 9 69 ) .  
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The following are as were studied and mappe d :  U ganda b y  Oll ier 
et al . , 1 9 69 ;  W stern Ke ya by S cott et  al . , 19 7 0 ;  and Northern 
Tanz ania and Swaz i land by Murdock e t  al . ( B e ckett and W e bster, 1 9 69 ) 0  
B ase d on the studi es that were mad e ,  th pres ent posi ion of the 
erra in e a lua io group appears to be : 
a .  It is possible to de fine terra in units re cogni z able on a ir 
photographs and yet uniform enough to provide a bas is for 
indexing re asonably pre c ise information. 
b .  Once a terra in c lassificat ion has be en drawn up and a land 
system map prepared the capa c ity to dist inguish terra in 
units c an be imparted o staff w ith no more spe c ial tra ining 
than some modest experi enc e of a irphoto inte rpreta iono 
S uch staff can ident ify land fa c ets and make fa c et maps . 
C o  Work on the hardware of a data store has proce eded far 
enough to demonstrate the pra ct i cab i lity of a st ore, based 
on punche d cards for the individua l  user, and on mi crofilm 
at a re giona l cent er of military headquarters . 
d .  G iven such a store it i s  possi ble to prod uce ,  very qui ckly, 
in answer to spe c if i c  inquiries, e ither: 
( 1 ) Terrain briefs which describe the kinds of terrain in an 
area, how to distinguish them, and what is known about 
their capabilities. 
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( 2 ) Spec ial purpose maps or appre ciations in which facet maps 
made for the purpose are provided wi h single purpose 
legends to indicate the sui abil ' y of different par s of the 
area for any specified purpose . 
At this point in time, workers in terrain evaluation feel that they have 
demonstrated a system of physical re source stocktaking that can be 
applied comprehensively to very large tracts o f  country. They recog ­
nize that n o  amount of photo interpretation and analogue matching can 
lead to an absolutely certain prediction . They feel however, that the 
speed at which the surveys can be made and the savings in cost made 
possible by means of photo interpretation and a system of terrain 
classifi cation that enables information collected in one place to be 
applied to analogous situations elsewhere justifies th is type of approach 
even though there is some degree of imperfection and uncertainty 
( B eckett and Webster, 1 9 69 ) .  
Soil Surveys and Physiographic Terrain Analysis as Physical Land 
Inventories 
Concepts - - Soil surveys as used in the United States, are 
based on the theories of soil genesis held by the scientists who study 
and classify soils . These theories strongly affect the weights given 
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to different soil characteristics in the classifica io n (Simonson, 195 9 ). 
The taxono mic system of classification that suppo rts the survey is 
based on the concept that composite entities be b uilt up from soil 
characteristics that can be defined and that serve as the basis of 
gro uping (Soil Survey Staff, 1960 ) o  Th us 1 1  soil individuals" are recog­
nized and serve as the basis fo r de veloping field mapping units. 
On the other hand, terrain classification is bas d on the concept 
that the lands cape can be subdivided into a hi rarchy of natural land 
units. The mapping unit developed by the land classification appro ach 
is an integrated unit containing essentially the same soil, geologic 
materials, water regime and influenced by the same climatic condition. 
The concepts of the two approaches are quite different in that the 
soil survey proceeds in a series of steps from very detailed to general 
whereas the terrain evaluation appro ach proceeds from a very general 
to the particulate. In terrain analysis use is made of the fact that land 
forms are not gro ups of unr lated and haphazard individual fo rms, but 
have systematic relationships that reveal their o rigin and provide 
information about geologic, soils and vegetative conditions. 
Proponents of terrain analysis feel that there is an advantage 
in establishing a broad framewo rk of dependable basic info rmation, 
with the pro vis ion fo r subsequent more intensive surveys and investi .. 
gatio ns in smaller selected areas, when atte n  ion can be paid to the 
special features fo und to be most important in each ( Beckett and 
Webster, 1 9 6 9 ). 
This is not the position held in soil sur vey . Following is a 
quote from Simonson ( 1959 ) which states the position of soil survey 
in the United States: 
" It can be ar gued that a number o f  different kinds of 
so il surveys would be required to meet the variety of needs 
for information about soils. It can also be ar gued that 
different basic systems of soil classification must also be 
devised. Answer to these arguments can be drawn from 
the experience in the United States o ver the past 6 0  years. 
That experience demonstrates that it is possible to con­
struct a basic soil classification and a basic so il map from 
which satisfactory interpretations can be drawn for a wide 
variety of pragmatic objectives . F urthermore, exper ience 
in the United States also indicates that this approach is 
economical, when the total effort required for several 
o perations and the interpretations of gathered data are 
considered collectively. Experience in the United States 
thus lends strong support to the thesis that the best possible 
scientific classification w ithin the c urrent understanding of 
soils and their genesis is most likely to meet needs that are 
presently known or will arise in the future . "  
Proponents of the terrain evaluation approach however, do not 
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entirely agree w ith this position. They feel that soil survey is limited 
in its use as a physical inventory because the taxonomic classification 
that supports it is not well designed nor the most suitable for resource 
use classification and the visual criter ia that are used for differenti-
ating classes are not consistently the most important criteria for 
defining use problems ( Christian and Stewart, 1968 ) .  Others feel that 
the soil survey is limited because it does not provide suitable mapping 
units at smaller scales (Macvicar, 19 69;  Knox, 19 65; Veatch, 1937 ;  
Matelski, 19 6 9  and Manil, 19 5 9 ). Others, ( Webster, 19 68b; Valentine, 
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1 9 7 0  and Rie c ken , 1 9 63 )  criti cize the soil survey be cause the taxonomi c 
system that supports it do es not provid e for lo cal conditions. 
M cCullough ( 1 949  ) ,  who was conc erned with appl ication of so il 
surveys to engine ering uses states that be cause mapping un its on soil 
maps are based prin cipally on the pedologi cal differenc es of the so ils 
th e r esult ing maps contain a large amount of superfluous detail wh i ch 
is often confusing and useless to the user. 
In general, workers in terrain classifi cat ion fe el that there is a 
need in soil survey for a concept of so il corresponding to some kind of 
lands cape unit and that if soil survey is to be useful in resource  sto ck­
taking, it must be  based o n  a classificat ion whi ch in turn is based on 
key c r it er ia sele cted as they pertain to use, and combine th is with 
other environmental var iables such as climate ,  vegetation, and to ­
pography in order to describe and define the components of the e co ­
system (Gibbons, 1 9  68). 
Obje ct ives :  So il Survey vs . Physi cal Terrain Analysis - - The 
obj e ctives of so il surveys in most countries are both fundamental and 
appl ied. The maj or appl ied obje ct ive is to serve the princ ipal fun ction 
of so il s c ience  in agriculture,  forestry, and eng ineering; namely, the 
pr ediction of so il behav ior under def ined use and management or 
manipulation (S imonson, 19 5 9 ). Th e fundamental obje ct ive of so il 
survey is to add to the growing fund of knowledge about the so ils of  the 
world . 
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Th e obj e ct ive o f  terra in e valuation is t o  provide an inte grated 
survey that combines cl imate , topography, so il and ve getat ion in order 
to describe balanc ed information about all these resource factors in 
e a ch s ubd ivision of the landscape that is made . Rather tha n provide 
an id e nt ifi c at ion inve ntory and mapp ing of an ind ivid ual land feat ure as 
is done in soil survey, and other types of s ingle fa ctor surveys, terrai n  
e valuat ion att e mpts to map all o f  the phys i cal land feat ures b y  a method 
and nome n clat ure common to all ag n c ies or organ izat ions do in g field 
surveys . 
Thus the terrain e valuat ion approach te nds to br in g together a 
number of spe c ialists who are working in the same area with a common 
obj ect ive ,  and there is opport un ity for the stim ulus to exchange ideas, 
which is often of considerable scient if ic as well as pra c ti cal value 
( Christ ian and St ewart, 19 68 ). 
The dia gram shown in F i gure 1 is used to demonstrate in an 
ideal i z e d  way the obj e ct ives of the land classi f icat ion approach . The 
diagram shows that there is env isa ged a bas i c  phys i cal s urvey that 
would b e  an arb itrary re cording of the nat ural limits or ranges of 
physi cal land cond it ions as they nat urally oc c ur in the fi e ld . W ithin 
pract i c al limits of fi e ld re co gnit ion and mapping s cale,  the mapping 
un its would be homogeneous units with simi lar soil, land form, ve ge ­
tat ion, climate and hydrology . No interpretat ions would be placed on 
the cond it ions at the time they are mappe d .  
A BASIC PHYSICAL SUR VEY 
AN UNINTER PRE TED INVENTORY OF 
PHYSICA L LAND CONDI TIONS 
Geology, Soils, Climate, Vegetation, Topography, Hydrology 
INTERPRE TATIONS FROM THE BASIC PHYSICAL SURVEY 
LAND C LASSIFICATIONS 
Land capability 
I rrigation feasibility 
Wate r repayment ability 




SOI L C LASSIFICATIONS 
Taxonomic classification 
Basic soil fe rtility 
Productive indexes 
Enginee ring classifications 
Soil suitability ratings 
Figure 1 .  A schematic diag ram showing in an idealized way how 
ter rain analysis provides physical land info rmation . 
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The bas ic phy s ical survey provided in terrain e valuat ion is  
e xpected to provide enough information about s oil, vegetat ion, climat e, 
topography and other land feature s that w ill allow int erpretat ion of any 
land or s o il cla s s ificat ion for planning purpos e s . Th is i s  in contrast 
to the s oil s urvey, where in the beginn ing the s urvey i s  bas ed on an 
interpre ted taxonomic clas s ificat ion and the s urvey mus t be re­
i nterpreted by s k illed s oil scient is t s  before the informat ion can be 
appl ied to var iou s us e s . 
Method of Surveying: Soil Survey vs. Phys ical Terrain Analys is  --
The k inds of characterist ics,  di stribution and extent of s oils  are learned 
primar ily through fi eld operations of s o il s urvey s ,  though part of the 
knowledge of characteri s t ics is drawn from laboratory s tudie s ( Soil 
Survey Staff, 1 9  5 1 ) . 
The field operat ions include prel iminary s tudie s of an area, 
preparation of a legend, the ident ification of soi l s ,  the plott ing of 
boundarie s ,  and the collect ion of sample s for laboratory analys e s  or 
re ference or both . In the cours e  of mapping, many s oil profile s must  
be e xamined and de s cribed in s tandard term inology. As sociated 
feature s such as s hape and gradient of s lope, s ton ine s s, land form, 
and degree of ero s ion are noted and re corded . A legend for use in 
ident ification of s oil s and the plott ing of boundarie s i s  prepared on the 
bas i s  of the fie ld obs ervat ions .  The ext ent and di stribution of soils  
are mapped on aerial photographs, which s erve as bas e maps for the 
s urvey, and prepared through exten s ive fie ld operations . 
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In order to carry out a successful soi l  survey program w ith a 
planned accuracy factor we i ghed by the cost of investi gations in making 
the s urvey considering the predicted use ,  a fie ld staff of w e ll trained 
soil s d entists and a strong ce ntral control ma intained by an experienced 
staff of corre lators is re quire d. The method used in mapping of ter­
rain is somewhat d i fferent. The method use d  is based on geograph ic 
stud i es, that is, the general principle of the occurrence of 1 1 natural 
land units, 1 1  wh ich are assembled into reco gnizable patte rns that 
recur in the landscape. Bri e fly described,  terrain e valuation sub ­
divides the land surface into areas of diffe rent types and w ith different 
character istics, combined with comprehens i ve data collection to 
identify the characteristics of each type of area ( Christian and Stewart, 
1 9  68 ). A irphoto interpretation is use d  extensive ly in terrain evaluation 
s urveys. The attrib utes and limitations of airphoto interpretation for 
natural resource stocktaking has b e en studied and re viewed in great 
d e tail and extensive bibl iograph ies are ava ilab le  ( Amer. Soc. of 
Photograrnmetry, 19 6 0 ). The l iterature in this area is not discussed 
here. 
The terrain e valuation approach first involves a complete airphoto 
interpretation of the area be ing surveyed. Usually, panchromatic 
photo graphs of average qual ity are us ed. The bo undary place ment on 
th e photo graphs is determined mainly by topographical land form 
feat-q.res, ve getative differences, drainage patterns, erosional patterns, 
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co lo r tone s a nd land use. Pr eviou s r e f e rence ma e r i al  for an a r e a is 
a lso studie d o  Upo n  complet ion o f the pho to int e rp r et at i o n, fi e ld 
s amplings a r e made to iden ify and cha r acte r i z e  0 natur a l land units1 1  
w ith in p r a c ical l imit s of recogn i i n - - f-" e ld, a irpho o inte r pr e  ation 
a n d ma pp ing sca le . F i e ld mappin g  i s limite d  in co mpa r i s o n  to s o il 
s urve y o  
It should be po in d o u ha a e r ial pho og r aphs a r e  us d to so me 
x e n in s o il sur vey fo r  de line atin g mapping unit s o How eve r, si nce 
mo r pholog ical cha r acte r istics o f soi ls a r e  the cha r acte r istics mai ly 
us e d  in develo p in g mapping uni s , s oi l s a r e not inte r p r e table di r ectly 
f r o m a e r i a l photo gr aphs . 
Oppo rtunit es and /or C onst r a ' nts o f So i l S ur vey and Phys i ograph i c 
T e r ra in Analys i s as Phys ica l Land Invento r ie s - - F rom the fo r e go ing 
d iscus s ion on me tho d s o f phy s ical r eso urce s ockt aki n g, it becomes 
e vident that his ta s k has b e e n  app roa che d by d iffe r ent methods and 
thro ugh d i ffe r e nt d i s cipline s . 
F rom the r e vi ew the fo llowing po int s appe a r  to eme r ge pe r  a inin g 
to the o pportunit i e s  and / o r  con s t r a ints o f s o il s urvey and t e r r a in 
e va luat ion as physical land inventor ie s : 
( 1 )  T e r rain e va luat ion is a n  int e g r at e d  appro ach to r esource 
stocktaki ng whi le soi l  sur ve y is e sse nt i ally a sin gle facto r  
s urvey. I f  s o il s urvey s a r e to b e  uti li z ed as phys ical land 
invento r i e s , it i s nece s sa ry to r emap in pa rt, to map 
add itional features or factors, or reinterpret the exist ing 
map data. On the other hand, terra in evaluat ion provides 
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a basic physical survey which delineates "natural land units" 
with no attempt at interpretation at the time the survey takes 
place. Terrain classificat ion provides a single nomenclature 
for one common form of basic survey from which any n umber 
of interpreted classificat ions can be made . 
(2 ) The natural land units (land facets and land systems) of 
mapping used in terrain evaluat ion are recogn izable on a ir 
photographs, while the soil cannot usually be seen on a ir 
photographs and its profile, the usual basis of classif ication, 
never can. This results in soil survey requir ing a great 
deal of expertise and detailed on -site investigations while 
terrain analysis can be accomplished by personnel with 
modest training in air photo interpretation and with lesser 
amounts of f ield checking . As Buringh ( 19 62 ) stated, the 
amount of t ime required to make the so il survey under the 
cr iter ia that now prevails may be a wasteful effort from the 
standpoint of practical utility. 
(3 ) It is generally agreed that the soil survey can provide the 
necessary so il information to serve the principal function 
of soil science in agriculture, forestry, and eng ineering . 
The question is ra ised however relative to the potential of 
soil survey for meeting the challenge of rapid expansion of 
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human activities not only in the United States, but in other 
countries as well. Soil survey appears to have several 
distinct disadvantages with regard o meeting these needs: 
first, the progress of the survey is so slow that an area 
cannot be expected to be surveyed for many years and thus 
intelligent land use decisions are greatly retarded and 
secondly, the cost of the survey cannot be justified if an 
area is developed before the soil survey becom s available o 
It appears that terrain evaluation does provide a faster 
and less costly means for providing a broad framework of 
dependable basic information. It provides for subsequent 
more intensive surveys and investigations in smaller 
selected areas, when attention can be paid to the special 
features found to be most important to each o The soil 
survey on the other hand at empts to provide a detailed 
description in all areas in the initial survey and as a result 
is a very time consuming process. 
( 4 ) Terrain evaluation makes provision for identification and 
characterization of local conditions while soil survey 
attempts to tailor local soil classification to conform with 
a preconceived global designo 
3 3  
The Problem 
Many wo rke rs, Pome r ening and C line ,  1 9  5 3 ; Curtis, 1 9  63 ; 
Made r, 1 9 63 ;  Wilding et  al. , 1 9  6 5 ;  and McCormack and Wilding, 1 9 7 0, 
have repo rted on the wide varianc es in chemical and physical properties 
of soils that are found to o c cur within soil mapping units . And, as 
pointed out earlie r, soil mapping units are deline ate d  base d on intensi e 
field studies. This raises a se rious question about the homogeneity of 
airphoto interpre ed units in te rms of their quali y fo r inte rpre ive 
purposes particularly when these units are delinea ed with ve ry little 
ground che ck. 
Except fo r the wo rk of B e ckett and Webste r ( 1 9 6 5 )  and W ebste r 
and Wong ( 1 9 6 8 ), ve ry little  actual data are available conc e rning vari ­
ations that exist within airphoto interpreted map units . More info rm­
ation is ne e ded to dete rmine if airphoto int e r preted units are suitable 
fo r pro viding physical land feature info rmation pre cise enough fo r 
making reasonably ac curate pre dictions . To answe r this question 
additional r esear ch is ne e ded  to dete rmine ( a) r e cognizability -- how 
easy is it to re cognize te r rain units which are internally ho mogeneous ?  
( b )  reproducibility -- how similar in their attributes are diffe rent 
o c currenc es of the same t e r rain unit? and ( c )  are units that have be en 
diffe r entiated sufficiently diffe r ent in their att ributes to war rant 
disc rimination ?  
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Objec ives of the St udy 
This study was initiated to evaluate the homogeneity of terrain 
units recognized on air photographs with respect to two distinct 
criteria that are necessary if airphoto interpreted mapping units are 
to provide reasonably precise information. The two criteria that 
were studied are: 
( 1 )  Recognizability - - how easy is it to recognize homogeneous 
terrain units on aerial pho ographs ? 
(2 ) Reproducibility - - how similar in their attributes are 
different occurrences of the same te rrain unit found within 
the same physiographic division and are the units which 
have been differentiated sufficiently differen to warrant 
discrimination ? 
The homogeneity of airpho o interpreted units should be based on 
rather fundamental properties of the terrain, which affect or control 
the greatest possible number of uses, and not upon one or two attributes 
that determine its suitability for any one particular purpose o Therefore, 
in this study, the components that were selected as a basis for testing 
the recognizability and reproducibility of terrain units were those for 
which information is available relative to their significance on the 
suitability of the te rrain for various uses . 
This study was not concerned with methods for abstracting 
information, nor was it concerned with the mechanical procedures for 
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handlin g or sorting information, or the form of its presentation to the 
user. This would in itself be the basis for another study . Rather, 
the alm of this study was to consi der the homogeneity of a irphoto 
interpreted units with respect to serving as a basis for pred icting soi l  
and other land feature information i n  a rel iab le form, s o  that a prudent 
farmer, en gineer or other land user could expect to plan mana gement 
of a unit for moderately extensi ve land uses . Activities cons idered 
under moderately extensive land use would be: Soi l  conservation 
practices on farm and ranch land, field drainage problems, reg ional 
hi ghway planning,  recreation plann in g, predicting watershed mana ge ­
ment problems and predictions about land for alternative uses . 
It should be pointed out that the map units developed i n  this study 
are thought to be of a type that wi ll provide reasonable prediction 
about the d istribution and area l extent of terrain attributes or 
properties that impose particular problems in land use o 
MATERIALS AND ME THODS 
Se le ct ion of Study Area 
The area chosen for this study is located in Sed gew i c k  County, 
which lies in the far northeastern corner of Colorado ( F i gure 2 ). The 
s i ze of the study area is c omprised of approximately 1 9 8 , 0 0 0  acres . 
Th is area was chosen for th is study for the follow ing reasons: ( 1 )  the 
area represents a wide variety of landscape patterns rangin g  from 
s imple to complex; ( 2 ) a comprehensive soil  survey was ava ilable for 
th is area; ( 3 ) chemi cal, physi cal, and interpretive soils information 
was available fo:r all soi ls found in the study area; and ( 4) the ma cro­
c limate of the area is the same .  
General Description of the Study Area 
The area is chara cterized by topography that ranges from level 
to rolling. The elevation ranges from 3, 435 feet in the level low lands 
of the South Platte River to 4, 1 0 0  feet above sea level in the adja cent 
uplands. 
The area i s  located in a reg ion having a semiarid, continental 
cl imate . 
Geolo g i c  references of Condra ( 1 9 5 0 ) ; H ill and Tompkin ( 1 9 5 3) 
define the area as being loc ated in the Julesburg basin whi ch is a 
structural trough e.x;tend ing along the eastern footh ills of the Rocky 
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Mountains from southern Wyoming to southern Colorado and eastward 
to southeastern W yoming, western Nebraska and northw est Kansas. 
The major geolo gi c  formation that has influe nced the area is the 
Ogallala, which was formed from fresh water outwash de posits. The 
formation is comprised of alternating beds of cemented sandy and 
grave lly sedime nts. The major portion of the study ar e a  is compr ised 
of the latter. 
Over lyin g the Ogallala formation are two surfic ial geolo gi c al 
formations that are wind deposited in ori gin. One of these de posits 
is a th in mantle of loess ( average 3 1 /2 feet) , deposited at two differ ent 
times . The other surfi c ial formation is a thick eolian sand deposit . 
The South Platte River has cut a r e lative ly dee p  trench in the 
Ogallala formation. A cross se ction of the surfi c ial geolo gy of the 
study ar ea is shown in Figure 3 .  
Method o_f Study 
B as i c  Pro cedure 
The purpose of  this study was not to classify the lands of the 
study area into a spe cif ic  terrain c lassifi cation, but in order to 
ultimate ly reach the stage of determining the homo gene ity of airphoto 
interpr eted units, it was ne c essary to follow the bas i c  pro cedure of 
terrain classification as o utlined by B e ckett and Webster ( 19 65) . 
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Basically, the c r iteria used for choosin g boundar ies were: 
(a) Differences in physical character istics - - relief, slope, 
d raina ge pattern and geologic, vegetation, erosion patterns 
and lan d use propert ies were consider ed to be either too 
small t o  req uire modi ficat ions to a moderately extensive 
land use or the va r iations within a facet were of one kind and 
could be described in a simple statement comprehensible 
to a us er without much local experience e 
( b ) T he va riat ions within the land facet wer e  considered t o  be 
t he same wherever the facet occu rs. 
( c) T he facet was recogni zable and distinguishabl e  for mapping 
at scales ran gin g from 1 : 1 0 , 0 0 0  to 1 : 8 0 , 0 0 0 .  
A i rphoto Interpretat ion 
T he p rocedure for delineatin g mapping units on aerial photo­
graphs proceeded by a ser ies of successive approximations . Follow­
in g is a step b y  step descr iption of the manner in which the ai rphot o  
interp retat ion studies wer e  ma de. 
a .  Init ially, land systems (as defined b y  Beckett and Webster, 
1 9 6 5 ) were recogni zed and delineated on 1 : 3 1 , 6 8 0  panchr o­
matic semi- cont rolled mosaic photographs . T hese areas 
wer e delineated on the basis of recur rin g land patterns as 
discussed by Beckett and Webster ( 1 9 6 5 ) . No st ereoscopic 
observations were made at this point in the study . 
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b .  The next st ep involved the recognition and d e line ation of 
land facets ( mapping units ) within e ach land syste m. At 
this stage each land facet or mapping unit was considere d  
to be a land facet ... - local form, i. e. , t o  b e  unlike any 
othe r  d e line ation. Initially, the land facets were de line at ed 
without the use of  a st ereoscope. Later, stereoscopic 
studies were made on se lected areas thought to be typical 
of a particular land syst em. These studies were use d  to 
refine land syst e m  and land facet boundaries. 
c. Upon completion of the airphoto int erpretation e ach land 
sys tem and land facet local form was assigned a code 
number. No att e mpt was made at this time to define the 
units in a descript ive manner. 
d .  D ifferent occurrences of mapping units thought to b e  simi lar 
in the ir attributes were grouped into land face ts to determine 
the qua lity of reproducibility. 
Data Collection Methods 
The a irphoto int e rpr etat ion st udy, when complet ed, was followed 
by determining the k inds and ext ent of so il mapping units found within 
each a irphoto int erpreted unit. The soil maps use d  were those used 
to asse mble the published soil survey report of Sedgew ick County ( 1 9 6 8 ) .  
The so il maps were reproduced as transparencies and red uced to a 
scale of 1 : 3 1 ,  6 8 0 . The se soil maps were overla in onto the 1 : 3 1 ,  6 8 0  
4 2  
panchro matic mosaic base map (which was used as base maps fo r the 
a irphoto interpretation study ) ,  and acrea ge calculations were ma de 
1:1s ing a plani meter. The acrea ge calculations were converted to 
percenta ge figures using the following calculation: 
Acrea ge s ize o f  so il mapping unit 
T otal acrea ge si ze o f  airphoto mapping unit 
Analys is of Data 
x 10 0 = percent of so il 
ma pping unit found 
w ithin the a irphoto 
interpreted mapping 
uni t  
So ils, vegetation, and geologic information used a s  the bas is for 
testi n g  the units developed in this study was obta ined from the follow ing 
so urces: Sed gew ick C o unty So il S urvey report ( 19 6 8 ) ; C ondra ( 19 5 0 ) ;  
Hill and Tompkin ( 19 5 3 ) ;  So il S urvey Investigation Reports No. 4 ( 19 6 6  ) ;  
No. 5 ( 1 9 6 6 ) ; No. 10 ( 19 6 8 ) and the Soil Survey Manual ( 19 5 1 ) . 
Homo geneity of the a irphoto interpreted units developed in this 
st udy was determined by grouping so il mapping units that were defined 
a s  having simi lar characteristics w ith respect to a g iven factore 
Groupings into classes for a particular factor were made based on the 
classes recognized and defined in the Sed gewick County So il S urvey 
Report ( 19 6 8 ). The airphoto interpreted units were tested for homo ­
geneity w ith respect to the following characteristics: 
1 .  S lope 
2 .  Parent material on geolo g ic materials 
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3 .  Water regime ( gro uped according to soil drainage classes ) 
4.  Surface soil texture 
5. Subsoil texture 
6 .  Water holding capa city to a de pth of 60 inches 
7 .  Soil de pth 
8 .  Land capability classes 
9 . E ngine ering classificatio n of both the surface and subsoil 
I O. Range site suitabil ity 
The above characteristics were chosen for testing the homoge neity 
of the mapping units principally because these factors are significant 
for assessing the goodness of the mapping unit in terms o f  its ade quacy 
for vario us uses. 
In order to make meaningful interpretations of the data obtained 
in th is study, some co nfidence groups were developed for assessing 
the goodness of the mapping unit in terms of its ade quacy for the user. 
The follow ing confide nce groups were de veloped: 
Confidence group a :  Mapping units having a percentage 
homogeneity value of 75% or gre ater for 
a partic ular characteristic w ere considered 
sufficiently internally homogeneous for 
interpret ive p urposes. 
Confidence gro up b :  
Confidence group c: 
Aerial photographs 
Mapping units having a percenta ge 
homogeneity value ranging from 6 0  to 
7 5% were considered to have fair val ue 
for interpretive purposes.  
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Mapping units having a percentage 
homogeneity value of les s than 60% were 
con s idered to have poor predict ive valu 
Materials Used 
1 : 3 1, 6 8 0  panchromatic semi -controlled mosaic photo graphs were 
used as base maps for the airphoto interpretat ion stud ies. 
1: 20 ,  0 0 0  panchromat ic photo graphs . These photo graphs were 
obta ined from the A gricult ural Stabilization and Conservat ion Service, 
Sed gewick County Office, J ulesb urg, Colorado. These photos were 
used to evaluate pre sent land use patterns. 
1 : 20 ,  0 0 0  panchromatic stereo pa ir contact print s.  These photo ­
graphs were obta ined from the So il Cons ervat ion Serv ice, USDA, 
Denver, Colorado . Thes e  photo graphs were u sed for stereo scop ic 
observat ions. 
Stereos cope 
A Kai l  mirror stereos cope and an Abrams C F -. 8  lens stereo ­
s cope were used for s tereoscopic st udies. 
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Planimete r 
A Ke uffe l and E s s e r planimet e r  was u s e d  fo r making a c rea ge 
calc ulat ion s .  
So il  S urvey Maps 
So il s urvey map s whi ch w e r e  us ed to det e rmine the s o i l mapping 
unit s fo und w ithin e a ch a i r photo inte rpreted unit w e r e  o btained from 
the So il  C ons e r vatio n Se rvi c e ,  USDA . 
RESU LTS AND DISC USSION 
The results of this study are presented in two parts. Part one 
evaluates the data with respect to recognizability or homogeneity of 
the mapping units which were developed . This portion of the study 
evaluates the ability of the airphoto interpreter to identify internally 
homogeneous landsc ape units w ith respect to the characteri stic s  used 
for testing homogeneity . To test for internal homogeneity, the mapping 
units are defined as the percentage of the unit, out of the total area 
that it covered, that was similar with respect to the characteristics 
which were used to determine homogeneity. 
Part two of the study w as concerned with evaluating how similar 
in their characteristics were different occurrences of what were 
described as being the same type of mapping unit . The unit evaluated 
here is the land facet . To test for reproducibility, the mapping units 
were first defined based on their definitive characteristics o The units 
were evaluated according to their similarity in parent material, slo pe, 
soil drainage class, surface soil texture, subsoil texture, soil depth, 
water -holding capacity, range site gro up, land capabil ity class and 
engineering rating. To further test the data for reproducibility, 
coefficients of variation were determined for each characteristic for 
all mapping units, for each characteristic for different occurrence s 
of the same mapping unit and finally over all characteristics of one 
occurrence of the same mapping unit . 
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Before proceeding with the presentation and discussion of  the 
results, the author would like to clarify the terminology that will be 
used when referring to a particular landscape unit . As was discussed 
in the review of literature, the land facet is the basic unit of the 
landscape in the physiographic terrain classification (Beckett and 
Webster, 1 9 6 5 ) .  I t  was defined as the part of the landscape, usually 
with simple form, on a particular rock or superficial deposit,  and 
with soil and water regime that either are uniform over the whole of 
the facet or if not , vary in a simple and consistent way .  The land 
facets are grouped together into land systems which are broad physio ­
graphic divisions having regularly recurring patterns of land facets . 
There are however, different oc currences of the same land facet 
within the same land system just as there are different occurrences 
of soil mapping units within a soil association . In this st udy the term 
mapping unit is used to connotate an individual occurrence of a land 
facet . The term "land facet" is used to describe a grouping of 
different occurrences of the same land facet (mapping units), and the 
term "land system" is used to describe a broad physiographic d ivision 
having regularly recurring patterns of land facets . 
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Definition of the Land Systems and Land Facets 
Within the study area, 4 land systems, 1 5  land facets, and 86 
·mapping units were develo ped o A complete list of the land systems, 
their asso c iated land facets and descriptions of these are given in 
Appendix Tables 1 through 4 o Schemati c diagrams showing the physio ­
graphic relationship of each land facet defined in each land system 
are shown in Appendix Figure I .  
An aerial photogr aph, at a scale of approximately 1 :  1 2 0 ,  0 0 0, 
representing the physiographi c  relationships among the land systems 
is shown in Appendix Figure 2 o Aerial photographs at a scale of 
approximately 1 : 5 0, 0 0 0, representing typi c al land form patterns of 
each land facet delineated in land systems 1 ,  2, 3 ,  and 4 are shown 
in Appendix Figures 3 through 6, respectively. 
Internal Homogeneity of Airphoto Interpreted Mapping Units 
Per centage homogeneity values for each characteristi c for each 
mapping unit for land systems I, 2, 3,  and 4 are shown in Tables I 
through 4, respectively ,  The data show that some of the. mapping 
units are surprisingly homogeneous in some attributes$ over one or 
all o c currences, while others are quite variable even w ithin the extent 
of one o c currence . 
In an attempt to make the data more meaningful a summary of 
the data was made by ranking the airpho to interpreted units of each 
Table 1 .  Percentage homogene ity o f  airphoto interpreted mapping units delineated in land system 2 .  
Soil Surface Water- Range Land 
Facet Mapping Parent Slope Drainage Soil Subsoil holding So il  Site Capability 
No. Unit Materials Group Clas s Texture Texture Capacity Depth Group Cla s s  
2 a  1 97 80 84 89 83 85 99 97 88 
2 99 72 76  7 2  58  66  99 1 00 66  
3 97 85 75 71 66  73  97 9 1  70 
4 99 78 78 85 85 74 95  84  95  
5 88 76 88 88 84 96 88 88 9 6  
6 1 0 0  9 3  7 2  9 3  72 72 1 00 1 00 72 
7 100  8 1  8 1  94 8 1  8 1  1 00 8 1  8 1  
8 1 00 9 1  1 00 1 0 0  1 00 1 00 1 0 0  1 00 1 00 
9 99 97 86 96 86 70  99 87 87 
2b 1 1 00  98 98 99 98 99 1 00 98 98 
2 1 00 9 5  1 00 1 00 95  9 5  1 00 1 00 9 5  
3 1 00 9 1  93 98 9 5  9 1  1 00 98 95 
2c l 80  68  59 5 5  47 58 100 75  90 
2 1 00  69  47 52 4 1  4 1  99 59  59  
3 1 00 74 74 76 6 1  6 1  1 00 1 00 6 1  
4 1 00 1 00 84 93 84 84 1 00 8 5  8 5  
5 99 80 70 8 1  70 70  1 00 97 7 1  
6 95  87  72  67 67 67 95 1 00 59 
7 92 83 92 92 92 92 95  92 92 
8 1 00 9 1  98 98 57 7 6  1 0 0  7 8  5 7  
9 1 00 90  97 97 90 90 100  1 00 98 
1 0  9 5  7 0  8 1  8 1  7 0  7 5  9 5  9 5  5 8  
Unified Engin. 
Cla s s  
Surface Subsoil 
78  83  
9 1  9 7  
7 1  6 6  
7 3  8 5  
84 84 
72 72 
8 1  8 1  
9 1  1 0 0  
70  86  
9 8  98  
9 5  9 5  
9 1  94 
79 47 
1 0 0  5 9  
6 1  6 1  
6 7  84 
63 70  
100  60  
9 1  92  
57  5 7  




Table 1 .  (Cont inued)  
So il Surface Wate r -
Facet Mapping Parent Slope Drainage So il Subsoil holding 
No . Unit Materials Group Clas s Texture Texture Capacity 
2d 1 97  80 82 80  78  7 8  
2 8 6  8 1  96  83 8 1  90  
3 97  92 1 00 97  1 00 94 
4 1 00 89  1 00 1 0 0  8 9  8 9  
5 1 00 84 97 97  97  97 
6 9 5  84 1 00 94 94 1 00 
7 80 80 93  82  9 6  82  
2 e  l 1 00 8 9  1 00 1 00 1 00 1 00 
Range Land 
So il Site Capability 
Depth Group C la s s  
1 00 98  8 3  
9 8  92  97 
1 00 97  1 00 
1 0 0  1 00 1 00 
1 00 97  9 7  
1 00 94 1 00 
99  8 6  9 2  
1 00 1 00 1 00 





97  92 
1 00 8 9  
9 7 9 7  
94  92 
7 5  8 6  
1 00 1 00 
u, 
0 
Table 2 .  Pe rcentage homogeneity of airphoto interpreted mapping units found in land system 1 .  
So il Surface Wate r - Range Land Unified Engin. 
Facet Mapping Parent Slope Drainage So il Subso il holding Soil Site Capability C la s s  
No . Unit Materials Group C la s s  Texture Texture Capacity Depth G roup Cla s s  Surface Subsoil  
la  1 94 90 98 83 8 3  9 4  9 9  98 97  9 3  8 1  
2 7 6  9 0  1 00 7 6  7 3  7 6  1 00 1 00 90  76  76  
3 1 00 7 1  1 00 1 00 97  84  100  1 00 1 00 1 00 9 7  
4 88 95 1 00 8 8  79  8 8  1 00 1 00 9 6  8 8  79 
5 1 0 0  1 00 1 00 1 00 8 1  1 00 1 00 1 00 1 00 1 00 8 1  
6 1 00 1 00 1 00 1 00 88 1 00 1 00 1 00 1 00 1 00 88 
l b* 1 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 00 1 0 0  1 00 
l e  1 93 64 1 0 0  92 92 92 1 00 1 00 7 1  9 3  93 
2 7 6  78 1 00 57 76 7 6  1 00 1 00 9 6  8 2  6 6  
3 80 66 1 00 80  82  80  1 00 1 0 0  66  8 3  83 
4 84 84 1 00 84 97 84 1 0 0  1 00 1 00 84 84 
5 5 8  42 1 0 0  58 8 6  5 9  1 00 1 00 1 00 5 9 5 9  
6 80 89 1 00 80  76  80  1 00 1 00 8 0  6 9  6 9  
7 88 76 1 00 88 80 8 8  1 0 0  1 00 96 8 8  6 8  
8 8 1  8 1  1 00 74 8 6  74 1 00 1 00 9 5  7 4  60 
* Th is mapping unit actually repre sents a grouping of 5 7  pothole or depres s ion areas that we re delineated during the airphoto interpretation studie s .  It 
seemed impractical to l ist all 57 of the units separately.  And s ince the homogene ity was 1 00% fo r all  facto rs the s e  pothole areas  were grouped togethe r .  
U1 ..... 
Table 3 .  Percentage homogeneity of airphoto interpreted mapping units delineated in land system 3 .  
So il Surface Water- Range Land 
Facet Mapping Parent Slope Drainage So il Subso il holding So il Site Capability 
No. Unit Mate rials Group Clas s Texture Texture Capacity Depth Group C las s 
3a  l 86  9 5  9 0  84 84 84 9 1  93  97 
2 9 1  94 94 9 6  96  97 94 94 94 
3 90  89  89  1 00 1 00 1 00  89  90 89 
4 90 92 93 92 92 90 90 90 94 
5 7 1  8 9  8 9  8 2  7 1  82  89  89  99  
6 96  96  96  9 6  57  57  9 6  9 6  97 
7 79 97 97 79 79 79  97 97  99  
3b  1 84 8 5  8 5  84 8 8  8 6  88 87 80 
2 80  96  82 79 79 82  82  80 97 
3 64 98  64 54 54 64 64 64 98  
4 58  9 1  67 63 57 57  67 67 99  
5 89 9 6  89 87 87 8 5  8 9  8 9  98  
6 9 6  96  96  9 6  57  57  9 6  9 6  97  
3 c  1 86  86  86  76  76  76  86  8 6  8 6  
2 95  94  94 7 2  72 73 94 9 5  7 9  
3 8 5  9 8  98 8 1  8 1  8 1  92 92 88 
4 94 95  9 5  80  80 80 95  95  86  
5 1 00 95  95  9 6  9 6  9 6  9 6  9 5  97 
Unified Engin . 
Cla s s  
Surface Subsoil 
9 6  84 
9 9  9 6  
1 00 1 00 
93  92 
1 00 7 2  
1 00 5 6  
1 00 8 1  
94 86 
1 00 79 
98 5 5  
98 57 
1 00  8 5  
1 00 5 6  
1 0 0  7 6  
9 8  7 2  
1 00 80 
99  80 
1 00 9 6  
u, 
N 
Table 4 .  
Facet Mapping Parent 
No .  Unit Mater ials 
4a l 1 00 
4b 1 92 
2 98 
3 92 
4 1 00 
5 1 00 
6 1 00 
4c  1 97 
2 93 
3 86  




5 8 5  
6 86  
4e  1 1 00 
2 100  
3 1 00 
4 99 
5 100  
6 100 
7 100  
Percentage homogene ity of  a irphoto inte rpreted mapping units delineated in land system 4.  
So il Surface Water - Range Land 
Slope Drainage So il Subsoil holding So il  S ite Capability 
Group Clas s Texture Texture Capacity Depth Group C lass  
100  99  89 89 89 90 89 99 
1 00 83 9 7  8 3  9 4  96  98  83  
1 00 77 84 77 86 94 78 77 
80 55  54  54  54  54 55  78 
99 97 97 94 98 99 9 6  95  
1 00 1 00 93  9 3  1 00 1 00 1 00 93  
1 00 83 66 66 1 00 83  85  59  
97 97  1 00 97  97  1 00 97 1 00 
9 1  96 90 75 80 98 79 92 
85 99 9 5  9 0  9 5  99 9 1  99 
94 87 82  79 79 94 93  84 
89 97  67 74 66 95  94  73 
89 86 77 6 1  64 9 6  75  84 
86  93 7 1  7 1  7 1  95  80  8 1  
7 6  95 99 80 94 99 79 98 
5 5  86 6 1  6 1  75  1 00  6 1  8 6  
1 00 75 93 70 72 1 00 7 1  73  
100  57  9 6  3 4  63 99 9 1  66 
100 68 98 8 1  66  98  72  92  
99 96 73 68 68 98 97 8 1  
1 00 97 92 62 62 97 64 96 
99 93  90 78 78 99 78  87  





89  92  
96  8 3  
54  54 
9 6  9 5  
93  1 00 
64 64 
1 00 97 
90  79 
88 92 
90  7 8  
97  7 5  
7 2  68 
84 72 
7 9  94 
6 1  7 5  
93 72 
98 3 5  
83  66  
82  68  






land system into confidence g roups (defined earlie r ) 0 This summary 
is presented in Table 5 .  The results show that i n  general a relatively 
· large number of mapping units in all land systems occur in confidence 
g roup � (homogeneity > 7 5% )  with respect to pa rent material, slope 
g roup, soil d rainage class, soil depth, and range site g roup ( similar 
native vegetation) and land capability class. And except for the map ­
ping units in land system 4 ,  a large number of mapping units in land 
systems I ,  2, and 3 occur in confidence group a with respect to 
su rface soil texture . 
The appa rent low degree of homogeneity with respect to subsoil 
texture appears· to be associated with pa rticular land facets . Fo r 
example, land facets 2a, 2 c ( Table 2), 3 b ( Table 3) and 4b, 4d and 4e 
{Table 4 )  all show relatively low homogeneity values for subsoil 
textu re and there is also a la rge amount of variability in the degree 
of homogeneity among mapping units within the respective land facet o 
The variability in subsoil texture homogeneity in land facets 
2a and 2c appears to be the result of reworking and stratification of 
the mate rials in this a rea by wind . The topography of these areas is 
of a micro -type with the landscape consisting of a succession of 
dune -like hillocks rising to heights of 10 to 60 feet abo ve the valley­
like a reas described in facets 2d and 2e {Appendix Table 2 ) .  Consider ­
able wind e rosion has occurred locally which has resulted in the 
stratification of materials and changes in textu re ove r  sho rt distances 
on the landscape. The main texture classes found in these areas are 
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lo amy s and s,  s ands and s ome s andy l oams O The detailed s o il survey 
map s s how e d  many s mall deline ations whe r e  attempt s w e r e  made to 
· map out the le s s  s loping a re a s  in the s e  fa cet s o The le s s  s lo ping 
a r e a s  w e r e  le s s  . sandy · than the hillo cks o Thi s r e s ulte d  in le s s  
s uc c e s s  fo r pr e d i cting textur e in the s e  fa cet s o It i s  do ubtful that thi s 
wo uld have a s e rious e ffe c t  o n  the ability to make re liable p r e di ction s 
about the s e  a r e a s o 
The apparent va riability and low de gree of homo gene ity in land 
facet 3 b  { Table 3 )  i s  the re s ult of a complex type of land s c ape o The 
a r e a  i s  hilly and d i s s e cted by many small drainageway s o The ridge ­
to p s  o r  uppe r s lo pe s are  compr i s e d  of grave lly s andy o utw a s h  mate rial s 
with the low e r  s ide s lo pe s being cove r ed w ith e olian s and de po sit s o 
The s e  are a s  w e re not s e parated by ai rphoto inte rpretation, while at 
le a s t  in s ome a r e a s  of thi s fa c et, deline ations w e r e  made on the s o i l  
s urvey map s o Thi s ac co unt s fo r the va riability and low de g r e e  of  
homo ge neity w ith re s pe ct to text ur e in land fac e t  3 b o  The r e s ult s 
in Table 9 whi ch are di s cu s s e d in  the next s e ction will show that thi s 
w a s  not a maj o r  e r ro r o r  di s crepancy in te rms of us e o  In 1 othe r  wo rd s 
range s ite capability, land c apability cla s s and engine e ring cla s s 
ratin g s  w e r e . not affe cted my failur e to make the s epa r ation s .  
The va ri ab i lity in de g r e e  of homo gene ity among mapping unit s 
fo r both s urface and s ub s o il textur e in land fac et s 4b and 4 c  ( T able 4 )  
i s  the re s ult o f  shifting and r e lo c ation o f  s e dime nt s by flo o din g on 
the s e  fac e t s  that o c c ur adj a c e nt to  the South Platte Ri ve r .  The a r e a s  
re presented by 4d are  influenced by outwash from upland draina ge 
tributaries. The materials in the se areas are mixed outwash from 
· th ese upland tributaries and alluvial mate rials associated w ith the 
hi ghe r terrace s of the South Platte River. These are as r epresent a 
transition z one from the high river terrace into the uplands and in 
some are as the surficial material s  are highly variable in texture . 
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It appe a rs that there j s a major problem associated w ith a lluvial 
lands, particula r ly lower lying river terraces and bottom lands, w ith 
respect to providing airphoto interpreted units that are re liab le in 
terrns of predicting soil texture. This problem however is reco g ­
niz ed by most soil sci entists, engine e rs, airphoto inte rpreters, 
geolo gist s and other land surveyors. Thus, most land surveys would 
recogniz e the ne e d  for more intensive fie ld studie s  in these types of 
situations. 
The data shown in Table 5 are summariz ed further and shown 
in Table 6. The dat a  in this t able show the numb e r  of mapping units, 
out of the total number, and the percentage,  that occur within the 
respective confidence g roups for e ach characte ristic e va luate d .  The 
data in this t able show that out of the total of 8 5  mappin g units which 
were deline at ed, 8 2  ( 9 5 % ), 7 6 ( 8 9% ), 7 2  ( 8 5 % ), 8 3  ( 9 6 % ), and 7 6  ( 8 9% ) , 
occurred in confidence group a for parent material, slope group, soil  
draina ge class, soil depth, and range site groups, re spe ctive ly. 
The author fe e ls that a re lative ly high de gre e of success was 
achieved for reco gniz in g  re asonably homogeneous mapping units that 
T able 5. Ranking of airphot o interpreted mapping units in each land system int o  c onfidence-
groups for each characteristic evaluated . 
Land System 1 Land_ System 2 Land System 3 Land System 4 
C onfidence Grou.Es 
a b C a b C a b C a b C 
Characteristic Number of units o c curring in eac h  group 
Parent material 1 4  0 1 3 0  0 0 1 5  1 2 2 3  0 0 
Slope group 1 1  3 1 2 5  5 0 1 8  0 0 2 1  0 2 
Soil drainage class 1 5  0 0 24 4 2 1 6  2 0 1 8  2 3 
Surface soil texture 1 2  1 2 2 5  0 5 1 5  2 1 1 6  5 2 
Subsoil texture 1 2  1 2 1 9 6 5 1 2  2 4 1 3  9 1 
Water- holding 1 3  1 1 2 0  8 2 1 3  3 2 1 4  8 l 
capacity 
Soil depth 1 5  0 0 3 1  0 0 1 6  2 0 22  0 l 
Range site group 1 5  0 0 2 9  0 1 1 6  2 0 1 7  5 1 
Land capability 1 3  2 0 2 1  4 5 1 8 0 0 1 9  3 
class 
Unified Engin . class 
Surface soil 1 1  3 I 22  7 l 1 8 0 0 1 6  6 1 
Subsoil 8 6 1 20  5 5 1 2  2 4 1 3  9 I 
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Table 6 .  Compo s ite  ranking of airphoto inte rpr eted mappin g 
unit s into c onfidence group s  fo r e a ch chara cte r i st ic  
eva luated . 
Confi denc e GrouEs 
a b C 
No . of  No . of No . of  
Component Unit s % Unit s % Unit s % 
Par ent mat e rial 8 2  9 5  I 1 3 4 
Slope group 7 6  8 8  5 6 5 6 
Soil drainage cla s s 7 2  8 4  9 1 0  5 6 
S urface soi l  textur e 67 7 7  1 6  1 7  5 6 
Sub soil  text ure 5 7  6 6  1 8  2 1  1 1  1 3  
W ate r -ho ldin g capac ity 5 8  6 7  2 3  2 7  5 6 
Soil depth 8 3  9 6  3 4 
Range s ite  group 7 6  8 8  8 9 2 3 
Land c a  pa bili ty c la s s 7 1  8 2  9 I O  6 8 
Unified Engin . cla s s 
Surfa c e  s o i l  6 5  7 5  1 8  2 1  3 4 
Sub s o il 5 2  60 2 2  2 6  1 2  1 4  
Total mapp ing unit s = 8 6  
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a re similar in parent mate rial, slope group, soil drainage class, soi l 
depth and vegetation . In evaluating the results, it should b e  kept in 
· mind that seve ral inhe rent facto rs affect the homogeneity of survey 
maps, whether they are made from field studies or  from ai rphoto 
interpretation. It should be remembe red that these mapping units 
represent bodies of land that are in most cases very hete rogeneous 
and do not have exact boundaries . The subjective aspects of deciding 
on a boundary fo r delineating mapping units is a se rious one in t rms 
of providing homogeneous units. Howeve r, it is a simple t ruth of 
physical land surveys that this problem exists most everywhe re and 
is one that cannot be avoided . 
Another impo rtant facto r that affects homogeneity is recognition 
features. Recognition features used to distinguish the mapping units 
usually varies g reatly from one type of land form to another .  Following 
is a d escription of what recognition features were most useful fo r 
delineating mapping units in this study . 
In land system 1 ,  topographic or physiographic features were 
of mode rate value . The pothole or  depression areas we re quite 
evident and were noted principally by changes in tonal pattern o The 
drainageways were delineated by differences in both tonal pattern 
and physiography . 
Topography and tonal patte rns were the most useful features 
for delineating the units in land system 2 .  Land use patterns we re of 
s ome value for de line ating the valle y like ar eas from the mode rate ly 
sloping ar eas. D rainage patte rns w e r e  entirely absent. 
Physio graphic fe atur e s  we re ve ry prominent in land system 3 ,  
and se rved a s  the main basis for deline ation. The draina ge patte rn 
was well develope d  and e asily r ecogni z ed on air photogr aphs. 
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Tonal patterns and land use patte rns w e r e  the most use ful 
feat ur e s  for delineating the mapping units in land system 4. D raina ge 
patte rns or othe r physio graphic featur es were of little o r  no value o 
In many case s, the boundary placement had to be made whe re 
t ransition occur r e d  and the subj ectivity of  dete rmining the b oundary 
placement in these cases, no doubt contributed to r e d ucing the homo ­
gene ity of the map units. The problem of transit ion was most se rious 
in land system 1 and this is r e flect e d  in var iabi lity in homogeneity 
for parent mat e rial and slope group among the mapping units in land 
system 1 ,  pa rticularly in facet l e  ( Table 1 ). 
Recogniz ing the inhe r ent limitations associated w ith developing 
homogeneous mapping units, one then can proce ed to e valuate the units 
in t e rm$ of the use for which they are intended. 
The basic e le ments of a landscape that cor r elat e with land use 
planning are par ent mate rial or geologic mate r ials, topogr aphy ( de gr e e  
and complexity o f  slope ) ,  soil depth, soil drainage,  soil textur e and 
in some case s ve getat ion. Thus, the land planne r or developer would 
pr efe r to have for his use,  one physi cal land resource map that would 
d efine within a landscape unit not only the characte ristics of one 
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element, but the characteristics of all the elements . He would prefer 
a mappin g unit  that would define an area that is s ufficiently homogeneous 
·in its physical properties so that similar conservation pra ctices could 
be applied over the whole of the uni t, crop adaptability would be the 
same over most of the unit, interpretations would allow for sele ction 
of broad areas of land suitable for irri gation and one could define 
opportur.1.ities and/or constraints that would determine the suitability 
of land for urban, industrial and recreational development.  These 
mapping units would not be useful for serving the needs of on - site 
planning, i . e . , the parti cular placement of a buildin g .  
A s  a n  example, i f  i t  i s  known that 7 5 %  of a n  area offers few 
constraints in terms of a parti c ular type of development, this degree 
of reliability would be suffi cient for planning farm operations, ranch 
operations1 and for plannin g at the county or regional level . On the 
other hand, it would not be sufficiently reliable for determining the 
location of a building . 
Percent homogeneity or purity of the unit is not however the 
only consideration that should be given to evaluating the usefulness 
of these units.  Also important are the inclusions ( that port ion of the 
mapping unit  that is different ) .  As an example, if inclusions within 
a landscape unit are such that serious adjustments in farming oper ­
ations or modification in engineering procedures would be re quired 
to overcome the constraints offered by these inclusions, then the 
62 
mapping unit wo uld lose some of it s pr edictive value . And as the 
d egree of homogeneity dec r e ases, it could be expected that the chances 
for the above type of proble m to occur would incr ease . 
This prob lem, how eve r,  does not have to be a se rio us one if the 
procedur e  for identifying e lements and variants as described by 
B eckett and W ebste r ( 19 65)  i s  used. 
To consider the problem of inclusions fo r all the mapping units 
de line ated in this study would entail anothe r study in itself . The r efor e , 
except to point out some of the facto rs that affected the homogene ity of 
the units, the problem of inclusions is not consider ed ,  
In summary, the follow ing relationships appe a r  to evolve con ­
cerning the homogeneity o f  the mapping units in te rms o f  se rving as an 
a id to the intended use r.  
1 .  It appe ar s that the r e  is a r e lationship among di ffer e nt land 
fo rms in de line ating homogeneous a irphoto mapping units 
w ith r espect to certain characteri stics . For example ,  
hete roge ne ity o f  alluvial material s  as sociated with flood ­
plains r e sult ed i n  poor homogeneity for units de line ated in 
land system 4 with r espect to soil cha racteristic s and mor e 
particular ly, subsoil texture and engine ering classification. 
This same proble m  existed in land sys tem 2 beca use of the 
nature o r  mode of de position of the geologic materials. The 
micro topography patte rn of parts of land system 2 affected 
the ability to distinguish s lope group s .  
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2 .  It appe ars that i n  ge neral, a re lative ly high de gree o f  suc c ess 
was a chieve d in dete rmining ac ce ptably homo ge ne o us unit s 
for slope , parent material,  soil de pth, soil drainage and 
ra nge site group ( native ve ge tation) . The s i gnificance of 
this in terms of use can best be describe d as fo llows: 
a. Soil de pth has a profo und influe nce on land use ,  be c ause 
of the re lationship of de pth to water table , de pth to 
b e dro c k, drainability, and productivity . 
b. Slope separations are significant in terms o f  land 
deve lo pme nt costs, whether it be for irrigation, dry -. 
land farming, industrial, highway or o ther de ve lo pments. 
Ero dibility and runoff predictions are a lso important 
fac tors associated with slo pe. 
c. De finitio n of the land fa ce t indicates topo graphic 
position of the lands ide ntifie d, for example , various 
terra ce leve ls o c curring in any give n are a .  This is 
important for evaluating the effe c t  of adja ce nt lands on 
the use of a particular pie ce of land. 
d .  Finally, the ma pping units appe ar to co l late landscapes 
with similar geolo gy, to pography, drainage , soils, and 
vegetation.  Thus, the land c lassifier, hydro logist , 
geo lo gist, soil scie ntists, plant scientist ,  geographer 
and e cono mist all c an make co ntributions to the 
pre paration of interpretations for these units. 
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3 0  It appears that most units are sufficie ntly homo geneous fo r 
defining the majo r cha racte ristics of the mappin g unit, and 
if we apply our available ex ensive quantitative information 
in so il science , g eology, hydrolo gy, geomorpholo gy and 
plant science to the conditions that are defined in the air ­
pho to interpreted units, the units would se rve as a basis 
for making wise choices among alt e rnat ives i.n the use and 
manageme nt of the land. 
Reproducibility of A irphoto Inte rpreted Mapping Units 
If any advantage is to res ult from recogniz ing homog eneous 
mappin g units at a part icular site it must be because all occur r e nces 
of that mapp ing unit are sufficiently similar so that one can gene ralize 
about them in a more abstract form ( land facet )  and infe r the prope rt ies 
of  an unknown from a known site. Thus, reproducib ility is a s  important 
as r ecognizability. 
. Th is part of the study is conce rned with evaluating the ability of 
the airphoto inte rprete r  to group diffe rent occur rence s of the same 
mappin g unit,  to evaluate the var iability in homo gene ity ove r all 
occur r ences of the same mapping unit, and the var iab il ity of the d iffe rent 
characte r istics within the extent of one occurre nce of the same mapping 
un it. 
The defin itive characte r ist ics o f  each mapp in g unit fo r each land 
facet defined in each land system are given in Tables 7 through 1 0 . 
Table 7 .  S imilar ity in characterist ic s o f  airphoto interpreted mapping units delineated in land system 1 .  
Wate r -
Slope Soil  Surface holding Soil Range Land 
Facet Mapping Parent Group Drainage So il Subsoil Capacity Depth Site Capability 
No. Unit Material % C las s Texture Texture in. /60 in. C la s s  G roup Clas s 
l a  1 Loe s s  1 -3 Well Silt loam Clay loam > 8  De�p Loamy plains II 
2 Loe s s  1 -3 Well S ilt loam C lay loam > 8  Deep Loamy plains II 
3 Loe s s  1 -3 Well Silt loam Clay loam > 8  Deep Loamy plains II 
4 Loes s 1 -3 Well Silt loam Clay loam > 8 Deep Loamy plains II 
5 Loe s s  1 -3 Well Silt l�am C lay loam > 8  Deep Loamy plains II 
6 Loes s  1 -3 Well Silt loam Clay loam > 8  Deep Loamy plains II 
l b  1 Alluvium 0 - 1  Poorly Silt loam Silty clay > 8 Deep Loamy plains VII 
l e  1 Outwash 3 - 5  Well Gravelly loam C lay loam 6-8  Deep Loamy plains HI 
2 Loes s  3 -5  Well Loam C lay loam > 8 Deep Loamy plains III 
3 Outwash 5 -9 Well Gravelly loam Clay loam 6-8 Deep Loamy plains III 
4 Outwash 3 -5 Well Gravelly loam Clay loam 6 -8 Deep Loamy plains III 
5 Outwash 3 -5 Well Gravelly loam Clay loam 6-8  Deep Loamy plains III 
6 Loes s  3 -5 Well Loam C lay loam > 8  Deep Loamy plains III 
7 Loess  3 -5 Well Loam C lay loam > 8  Deep Loamy pla ins III 
8 Outwash 3 -5 Well Gravelly loam Clay loam 8 Deep Loamy pla ins III 
Unified Engin. 
C la s s  
Surface Subsoil 
A-4 A-6  
A-4 A-6  
A-4 A-6  
A-4  A-6  
A-4 A - 6  
A-4 A-6 




A-2 A - 6  
A-2 A-6 
A-4 A - 6  
A-4 A - 6  
A-2  A-6 
0-, 
u, 
Table . 8 .  S imilar ity i n  character is t ics  o f  airphoto interpreted mapping _un its  delineated i n  land system 2 .  
Water -
Slope So il Surface holding So il Range Land 
Facet Mapping Parent Group Dra inage So il  Subsoil Capacity Depth Site Capability 
No . Unit Mater ial % Clas s Texture Texture in, /bO in. Cla s s  G roup Cla s s  
2a  1 Eolian· sand 5 -9 Exces s ive Sand Sand < 4  Deep Deep sands VII 
2 Eolian sand 3 -5 Exces s ive Sand Loamy sand 4 -6 Deep Deep sands VII 
3 Eolian sand 5 -9 Exces s ive Sand Sand < 4 Deep Deep sands VII 
4 Eolian sand 5 -9 Exces sive Sand Sand < 4 Deep Deep sands VII 
5 Eolian sand 5 -9 . Excess ive Sand Sand < 4  Deep Deep sands VII 
6 Eolian sand 5 -9 Exc e s s ive Sand -Sand < 4 Deep Deep sands VII 
7 Eolian sand 5 -9 Excess ive Sand Sand < 4 Deep Deep s ands VII 
8 Eolian sand 3 - 5 Exces s ive Loamy sand Loamy sand 4 - 6  Deep Deep sands VII 
9 Eolian sand 5 -9 Exces s ive Sand Sand < 4 Deep Deep sands VII 
2b 1 Eolian sand 9 - 1 5  Exces s ive Sand Sand < 4 Deep Choppy sands VII 
2 Eolian sand 9 - 1 5  Exces s ive Sand Sand < 4 Deep Choppy sands VII 
3 Eolian sand 9 - 1 5  Excess ive Sand Sand < 4 Deep Choppy sands VII 
2 c  1 Eolian sand 3 -5 Mod.  Exe .  Loamy sand Sandy loam 4- 6  Deep Sandy plains IV  
2 Eolian sand 3 - 5  Mod .  Exe . Loamy sand Sandy loam 4-6 Deep Sandy plains IV 
3 Eolian sand 3 -5 Mod .  Exe . Loamy sand Sandy loam 4 - 6  Deep Sandy plains IV 
4 Eolian sand 3 -5 Mod.  Exe . Loamy sand Sandy loam 4 - 6  Deep Sandy plains IV  
5 Eolian sand 3 -5 Mod.  Exe . Loamy sand Sandy loam 4 - 6  Deep Sandy plains I V  
6 Eolian sand 3 -5  Mod.  Exe . Loamy sand Sandy loam 4-6  Deep Sandy plains IV 
7 Eolian sand 3 - 5 Mod.  Exe .  Loamy sand Sandy loam 4-6  Deep Sandy plains IV 
8 Eolian sand 3 -5 Mod.  Exe . Loamy sand Loamy sand 4-6 Deep Deep sands VI 
9 Eolian sand 3 -5 Mod.  Exe . Loamy sand Loamy sand 4- 6  Deep Deep sands VI 
1 0  Eolian sand 3 -5 Mod ,  Exe . Loamy sand Loamy sand 4 -6  Deep Deep sands VI 
2d  1 Eolian sand 0 - 1  Well Sandy loam Clay loam > 8 Deep Sandy plains II 
2 Eolian sand 0 - 1  Well Sandy loam Clay loam > 8 Deep Sandy plains II 
3 Eolian sand 0 - 1  Well Sandy loam Clay loam > 8 Deep Sandy plains II 
4 Eolian sand 1 -3 Well Sandy loam Clay loam > 8 Deep Sandy plains Ill 
5 Eolian sand 0 - 1  Well Sandy loam Clay loam > 8  Deep Sandy plains II 
6 Eolian sand 1 -3 Well Sandy loam Clay loam > 8 Deep Sandy plains III 
7 Eolian sand 0 - 1  Well Sandy loam Clay loam > 8 Deep Sandy plains II 
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Table 9 .  Similar ity in characteristics of airphoto interpreted mapping units delineated in land system 3 . 
Wate r-
Slope Soil Surface holding So il Range Land 
Facet Mapping Parent Group Dra inage So il Subsoil Capac ity Depth S ite Capability 
No . Unit Material % Clas s Texture Texture in . /60 in. Cla s s  Group Cla s s  
3 a 1 Outwash 9 -20  Excess ive Gravelly loam Sand < 4  Shallow Gravelly breaks VI 
2 Eolian sand 9 -20  Well Sandy loam Sandy loam 6 - 8  Deep Sandy plains VI 
3 Eolian sand 9 -20  Well Sandy loam Sandy loam 6-8  Deep Sandy plains VI 
4 Eolian sand 9 -20 Well Sandy loam Sandy loam 6-8  Deep Sandy plains VI 
5 Eolian sand 9 -20  Well Sandy loam Sandy loam 6-8  Deep Sandy plains VI 
6 Eolian sand 9 -20 Well Sandy loam Sandy loam 6-8 Deep Sandy plains VI 
7 Eolian sand 9 -20  Well Sandy loam Sandy loam 6 -8 Deep Sandy plains VI 
3 b 1 Eolian sand 9 -20  Well Sandy loam Sandy loam 6-8 Deep Sandy plains VI 
2 Eolian sand 9 -20  Well Sandy loam Sandy loam 6 -8 Deep Sandy plains VI 
3 Outwash 9 -20  Exces s ive Gravelly loam Sand < 4  Shallow Gravel breaks VI 
4 Eolian sand 9 -20  Well Sandy loam Sandy loam 6 -8 Deep Sandy plains VI 
5 Eolian sand 9 -20  Well Sandy loam Sandy loam 6 -8 Deep Sandy plains VI 
6 Eolian sand 9 -20  Well Sandy loam Sandy loam 6-8 Deep Sandy plains VI 
3 c 1 Alluvium 1 -3 Well Loamy sand Sand < 4  Deep Sandy plains VII 
2 Alluvium 1 -3 Well Loamy sand Sand < 4  Deep Sandy plains VII 
3 Alluvium 1 -3 Well Loamy sand Sand < 4  Deep Sandy plains VII 
4 Alluvium 1 -3 Well Loamy sand Sand < 4  Deep Sandy plains VII 

















A-2 A- 1 
A-2 A- 1 
A-2 A- 1 
A-2 A - 1  
A-2 A- 1 
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Table 1 0 .  Similar ity i n  character i st ics o f  airphoto interpreted mapping units delineated i n  land system 4 .  
Water -
Slope So il Surface holding So il Range Land Unified Engin. 
Facet Mapping Parent Group Di·a inage So il Subsoil Capac ity Depth Site  Capability Cla s s  
No . Unit Mater ial % Clas s Texture Texture in. /60 in. Cla s s  Group Cla s s  Surface Subsoil  
4a 1 Alluvium 1 -3 Poorly Loamy sand Loamy sand < 4 Deep Not cla s s ified VII A - I A - I  
4b 1 Alluvium 1 -3 Poorly Loam S ilty clay loam > 8 Deep Salty meadow VI A-4 A - 6  
2 Alluvium 1 -3 Poorly Loam Silty clay loam > 8 Deep Salty meadow VI A-4 A - 6  
3 Alluvium 1 -3 Poorly Loamy sand Sand < 4 Deep Salty meadow VII A - I  A - 1  
4 Alluvium 1 -3 Poorly Loam Silty clay loam > 8 Deep Salt meadow VI A-4 A - 6  
5 Alluvium 1 -3 Poorly Loam Silty clay loam > 8 Deep Salt meadow VI A-4 A - 6  
6 Alluvium 1 -3 Poorly Loam Silty clay loam > 8 Deep Salt meadow VI A-4 A - 6  
4c 1 Alluvium 1 -3 Well Loam Loam > 8 Deep Loamy plain II A-4 A-4 
2 Alluvium 0 - 1  Well Loam Loam > 8 Deep Loamy plain II A-4 A-4 
3 Alluvium 0 - 1  Well Loam Loam > 8 Deep Loamy plain II A-4 A-4 
4d 1 Alluvium 1 -3 Well Sandy loam Sandy loam 6-8  Deep Sandy plain III A-2 A-2 
2 Alluvium 1 -3 Well Sandy loam Sandy loam 6-8  Deep Sandy plain III A-2 A-2 
3 Alluvium 1 -3 Well Sandy loam Sandy loam 6 - 8  Deep Sandy plain III A-2 A-2 
4 Alluvium 1 -3 Well Sandy loam Sandy loam 6 - 8  Deep Sandy plain III A-2 A-2 
5 Alluvium 0 - 1 Well Loam Loam > 8 Deep Loamy plain II A-4 A-4 
6 Alluvium 1 -3 Well Sandy loam Sandy clay loam > 8 Deep Sandy plain III A-2 A - 6  
4 e  I Alluvium 1 -3 Poorly* Loam Sandy loam 6-8  Deep Salty meadow III A-4 A-2 
2 Alluvium 1 -3 Poorly* Loam Sandy loam 6-8  Deep Salty meadow III A-4 A-2 
3 Alluvium 1 -3 Poorly* Loam Sandy loam 6-8  Deep Salty meadow III A-4 A-2 
4 Alluvium 1 -3 Poorly* Loam Sandy loam 6 -8 Deep Salty meadow III A-4 A-2 
5 Alluvium 1 -3 Poorly* Loam Sandy loam 6 -8 Deep Salty meadow III A-4 A-2 
6 Alluvium 1 -3 Poorly* Clay loam Clay loam > 8 Deep Salty meadow III A-6  A-6  
7 Alluvium 1 -3 Poorly* Loam Sandy loam 6-8  Deep Salty meadow III A-4 A-2 
*Drainage class  somewhat poorly drained. 
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The results show that in g neral there is not a great deal of variat ion 
in any of the de f initive characterist ics among the mapp ing units within 
the land face ts. In fact th variat ion for the characterist ics evaluated 
is considered so small that from the standpo int of  definiti e charac­
terist ics pred ictions about the units would have a h igh degre e of  value . 
The abil ity to group mapping units in terms of use c las s if icat ion, i. .  e . , 
range site group, land capab ility class and engine ering class was 
extremely good . 
Comparing the degre e of  re producibi l ity for the different compo ­
nents over all the land face ts, the following re lat ionships for the results 
shown in Tables 7 through 1 0  evolve : 
1 .  The results appear to indicate that the degre e o f  reproduci­
b il ity in land facet 1 c is rather poor with respect to parent 
material. It should be noted however ( Tab le 7 )  that exc e pt 
for causing a small degre e of change in the engine ering 
classificat ion of  the surface so il and a sl ight change in 
water - ho ld ing capacity in some mapp ing units, the face t  
was nearly 1 0 0% homogeneous with respect t o  all other 
characteristics. 
2 .  The results show that all but two mapping units in all land 
systems were prope rly grouped . Mapping unit 3 in land 
facet 4b ( Table  1 0 )  should have be en placed into facet  4 a .  
All of the other mapping units in face t 4 a  are 1 0 0% homo ­
geneous for all characteristics . Also , it appears that 
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mapping unit 5 in facet 4d ( Table 10) should have been placed 
into facet 4 c. Outside of these two discrepancies it appears 
that all other mapping units were gro uped into the proper 
land facet. 
3 .  The results show that except for facets 3 a, and 3 b, which 
should have been gro uped toge her ( Table 10) and land facet 
2e which should have been combined into facet 2d, all other 
land facets within a land system are sufficiently different 
to warrant discrimination .  
I n  land system 1, facet l b  is sufficiently different in 
drainage characteristics, land capability class and slope to 
warrant discriminations from facets 1 a and 1 e. Land facet 
1 b differs from land facet 1 c in slope and land capability 
class. In land system 2, it appears that facet 2e sho uld 
have been gro uped into facet 2d. Only one mapping unit 
occurs in facet 2e and this mapping unit was differentiated 
on the basis of tonal pattern as being different from the 
mapping units in facet 2d. This proved to be a misjudgement 
on the part of this observer. All other facets in the land 
system are s ufficiently different in slope alone to warrant 
discrimination among them. They are also quite different 
in many other characteristics. As was pointed out earlier, 
it appears that from a practical standpoint, only two facets 
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s ho uld have be en deve loped for land s ys tem 3 .  Fac et s 3 a 
and 3 b  are very s imilar in nearly all attr ibute s and thus 
s hould not have been s eparated.  The s e  two facet s  however, 
are very different from face t 3 c. 
In land s y s tem 4 ,  combinat ion s of difference s in dra in ­
age,  texture,  range s it e , land capabil ity cla s s and eng ineering 
clas s ification warrant discrimination of the land facets  in thi s 
land s ystem . 
4 .  The re s ult s indicate that the land facets  are con s is tently 
s imilar with re s pect to parent material, s lope , s oi l  drainage 
cla s s ,  s oil de pth, range s ite group, and land capabil ity clas s. 
This  would appear to indicate that the s e  un it s would be very 
us eful for collating physical land information . 
5 .  A comparis on of the re s ult s would appear to ind icate that 
thi s  interpreter was able ,  with a high degree  of cons i s tency, 
to group different occurrence s of the same mapping unit into 
the correct land facet.  Exception s to th is were note d under 
( 2 ) above . It  s hould be pointed out that the s e  groupings were 
mad e imme diate ly upon completion of the airphoto interpret ­
ation and before any definitive characteris t ics of the uni t s  
were determ ined .  
The ability t o  group mapping unit s that are s imilar in defin itive 
character is t ics would be of l ittle value however, unle s s  the coefficient s 
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of variation of the land fa cets were suffic iently sma lL If the ind ividual 
mapping units that comprise the land fa cets vary great ly w ith respect 
to a part ic ular chara cterist i c  or among chara cterist i cs, then the value 
of the land fa cet as a unit for collat ing rather precise informat ion about 
physi cal land feat ures would decrease in a c c ura cy for predict ion . Thus 
coeffic ients of variation were determined first for ea ch characteristi c  
a cross all mapping units, and secondly for ea ch chara cteristi c  within 
a land fa cet and f inally over all  characterist ic w ithin the extent of one 
mapping unit . 
Means, standard deviations and coeffic ients of vari at ion for ea ch 
chara cterist ic a cross all mapping units are shown in Table 1 1 . The 
data show that coeffi cients of variation are below 20% for all  chara c ­
teristics . Ac cording to Beckett and Webster ( 1 9 6 5 )  these values 
could be considered suffi c iently small for making generalized predic ­
t ions about the mapping units .  They considered coeffic ients of variation 
of < 3 0 % as bein g  a c ceptable. It is interest ing to note that the coef ­
fic ients of variation for parent material, slope, soil dra ina ge, and 
range s ite group ( vegetat ion) vary from 1 3 . 3 to 1 5 .  9 % . Th is would 
a ppear to indicate as did the results shown in Tables 7 through 1 0 , 
that the units delineated are consistently s imilar with respect to 
geologic, slope, soil draina ge and vegetation chara cteristics .  
Coeffic ients of variation for ea ch chara cterist i c  w ithin a ·1and 
facet are shown in Table 1 2 . Coefficients of variat ion for land facets 
1 b, 2e, and 4a are not cons idered because only one mapping unit 
Table 1 1. Means, standard deviat ions and coeffic ients of var i ­
at ion of each characteristic across all m apping units . 
Mean Standard Coeff icient of 
Character istic % Deviation Var iation % 
Parent m ater ial 9 0 . 9 1 2 . 9  1 4. 1 
Slope group 8 7 . 2  1 3 . 9 1 5 . 9  
Soil drainage 8 8 . 7  1 3 . 0 1 4 . 7 
Surface soil texture 84. 6 1 3 . 6 1 6 . 1 
Subsoil texture 7 8 . 8  1 4. 7 1 8 . 6  
W ater - hold ing capac ity 8 1 .  3 13 . 6 1 6 . 7 
Soil depth 9 5 . 8 7 . 7  8 . 0 
Range s ite group 8 9 . 8  1 2 . 0  1 3. 3  
Land capability class 8 7 . 9  1 2 . 3  1 3 . 9 
Unified Engineer ing class 
Surface soil 86 . 8  1 3 . 6 1 5 . 6  
Subsoil 7 8 . 4  1 5 . 2 1 9 . 3 
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Table 1 2 .  Coeffic ients o f  va r iation o f
 each characte ristic fo r diffe rent oc
currence s o f  the same mapping uni
t . 
Land Facets 
Character istic l a  l b  l e  
2a 2b 2c 2d 2 e 
3 a 3b  3c  4a 4b 
4 c  
Parent mate r ial 9 . 4  -* 1 2 . l  3 . 6  6
. 2 7 . 5  -* 9 . 0  1 .  6 7 . 7  -* 3 , 7  
4 . 8 
Slope Group 1 0 . 0 
1 9 . 2  9 . 4  3 . 0  1 2 . 7  
4 . 7  3 .  1 4 . 3 4 .  5 
7 . 6 5 . 2  
Soil Drainage . 7  
9 . 7  3 . 0  20 . 1 6 . 2 
3 . 2  1 3 . 7  4 . 3 - 1 7 . 5 1 .  2 
Surface texture 1 0 . 4  
1 5 . 8  1 0 . 9  . 8  2 0 . 0 
7 . 7  - 8 . 4  1 8 . 8 9 . 8  1 9 . 7  4 . 2 
Subsoil texture 8 . 9 
8 . 0  14 . 7 1 . 4 24 . 0  7 . 7  
1 7 . 1 2 0 . 0 9 . 7 1 8 . 1 
1 0 . 3 
Water -holding 
capacity 9 . 5 1
1 . 9  14 . 0  3 . 4  20 . 7  
7 . 7  1 5 . 4  1 0 . 9 9 . 7  
1 8 .  1 8 . 3  
Soil depth • 8 
3 . 7 2 . 2 . 7 
3 . 2 1 3 . 5 3 . 8  1 8 . 3  
. 8 
Range s ite group . 7  
7 . 6  . 9  14 . 7 4 . 2 
3 .  1 1 3 . 1 3 . 7  1 7 . 6 
7 . 8  
Land capability 
class  . 3 
- 14 . 4 1 3 . 8  1 . 4 2 0 . 5 6 . 3  3 . 3
 7 . 0  6 . 5  - 14 . 8 3 . 6 
Unified Engin . 
surface soil 8 . 4  
1 3 . 0 9 . 8  3 . 0  1 9 . 2  9
. 6 2 . 5 2 . 0  . 8 
1 9 . 5 5 . 6 
Unified Engin .  
subsoil 8 . 3 
1 5 . 9  1 1 . 9  1 .  7 2 2 . 5 
5 . 2  1 6 . 8  1 8 . 5 1 0 .  1 
20 . 9  8 . 4  
*Coeffic ients of variat ion we re no
t dete rmined becaus e only one ma
pping unit i s  pr e s ent . 
4d 
2 . 9  
1 6 . 0 
4 . 8 
1 5 . 7  
1 0 . 7 
1 3 . 3 
2 . 3 
1 3 . 7  
8 . 8  
1 3 . 7 
1 0 . 3 
4e 
0 . 3 
0 . 3 
2 3 . 6 
2 0 . 2 
2 2 . 3 
1 3 . 2 
1 . 0 
2 0 . 2 
1 1 .  7 
2 2 . 6 
2 1 .  5 
-.J 
i,t:=,. 
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occ urred in each of these land facets o The data show that in general 
the h ighest variab ili ty within land facets occurs fo r surface so il texture, 
·subso il textu re, and engineering classes of so ils . Mo re impo rtantly, 
howeve r ,  the data show that the re is a d irect relationship between all 
cha racte ristics wi th in the land facets and coeffic ients of var iat ion . 
For example, facets l e , 2c, 3b, 4b, and 4e all have relati vely high 
coefficients of va riation fo r nea rly all characte r istics wh ile facets la, 
2a, 2b, 2d , 3a, 3c, and 4c all have relat ively low coefficients of 
va riation fo r nea rly all cha racte ristics . It appears that one can 
conclude that wi thi n acceptable l imi ts of coefficients of va riat ion 
( < 20% ) ,  most of the land facets are suff ic iently homogeneous wi th 
respect to most cha racte ristics. 
The data presented in Table 13 show the va r iab ili ty among 
characte r istics w ithin the extent of one mapping uni t .  The data m 
this table a re only usef ul in dete rmining whethe r the re a re inconsist ­
enc ies in  the deg ree of homogeneity among the cha racte r istics with in 
a mapping uni t .  Or if stated in anothe r way, a low coeffic ient of 
va r iation should ind icate that the degree of homogene ity fo r the 
characte r istics studied should be s imilar fo r most of these charac ­
teristics. _ It can be noted that although there is conside rable variabil ity 
in the range of coeffic ients of va r iat ion among mapping uni ts w ith in a 
facet ,  the coefficients of var iation are not unacceptable fo r most 
mapp ing uni ts . 
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Table 1 3 .  ( Continued )  
Face t Mapping C o efficient of Facet Mapping C oefficient of 
No .. Un it Variation No. Un it Variation 
9 1 4 . 4 5 9 . 8 
1 0  1 5 . 5  6 1 7 . 8 
2 d  1 9 . 5  4 e  1 1 4 . 4 
2 6 . 7 2 3 1 .  5 
3 3.0 3 1 5 . 4  
4 5 . 4  4 1 4 . 2 
5 4 .  1 5 2 0 . 9 
6 4 . 8 6 1 1 . 7 
7 6 .  l 7 2 9 . 7  
SUMMARY 
This st udy was made to e valuate airphoto int e rpr eted lands cape 
units with resp ect to two dist inct c r iter ia that ar e  important and neces­
sary for pro v iding r e asonably pr ecise physical land information . 
The two cr it e r ia stud ied were: 
( 1 )  Re cogn iz ability - how e asy is it to r ecogniz e on ae r ial 
photographs landscape µnits wh ich ar e  sufficiently homo ­
ge neous as to hav e predictive value ? and 
( 2 ) Reproducibility - how similar in th eir att r ibutes ar e  
diffe r e nt occurr enc es of the same lands cape unit and ar e 
the units which have be en diff erent iated sufficiently d iffe r ent 
to war rant discr imination ? 
I f  w e accept the confidence limits that w e r e  us ed for evaluating 
the landscap e units, the following r elationships r elat ive to th e r ecog­
niz ability and r eproducibility of airph_oto inte rpreted mapp ing un its 
appe ar to em e rge : 
( 1 )  A relative ly high degre e of success was a chieved fo r 
d eline at ing airphoto int e rpr et ed mapping units that are 
sufficie ntly int e rnally homoge neous with r espect to pare nt 
mate rial, slope, so il drainage class, soil depth, range 
s ite gro up and land capab ility classification to hav e 
Pr edictive value . Onl d t y mo e ra e success was achi e ved for 
d e line ating units that w ere homogeneous w ith r e spect to 
surface so il texture . For subso il texture and wate r  holding 
capacity, characteristics which ar e  of agronomic and 
engine e ring importance , the var iability w ith in mapping units 
of some land face ts was disappo intingly high .  
( 2 ) Th e  principles or guides such as specif ic topograph ic 
re lationships, drainage patte rns, e rosional patterns, color 
tone, ve getation and land use , which w e re use d for determi ­
ning boundaries, varied in re lative value from one general 
physiograph ic di vis ion to another .  On alluv ial plains or 
te rrace s, tone d ifferences, vegetation and land use w e re 
most use ful; on sandy plains, land form, erosion and land 
use w ere the most use ful fe ature s; on the loe ss plain, tonal 
differe nce s and land use w ere the most use ful f e atures, w ith 
drainage patterns be ing of minor value ; on the steep rough 
broken lands, drainag e patte rns and land form were the 
mo st use ful fe ature s. 
( 3 ) The r esults indicate that a hi gh de gre e  of s ucce ss was 
ach ieved for gro uping different occurrences of the same 
mapp ing unit into the correct land facet .  Only 3 out of 85 
mapping units we re incorrectly placed. A irphoto interpr e ­
tation was successful for grouping mapping units similar in 
definitive charact e risti cs . With th e exception of 2 land 
facets, all o ther land facets wer e suffi ciently different to 
wa rrant disc rimination .  
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( 4 ) The natural variability ( coeffici ent of variance ) of individual 
facets appear ed to vary conside rably ove r all thei r  o c cu r ­
ren ces . Co effi cients of va rian c e howeve r, w e re considered 
a c c eptable fo r defining land facets which are suffi ciently 
similar that one can make rath e r p recise stat e ments about 
thei r chara cteristics .  
( 5 )  In general, the results indi cate that there is a consistent 
relationship within a mapping unit in degree of homog eneity 
with respe ct to parent materials, soil d rainage, soil depth, 
slope and rang e site group ( vegetation ) .  This would appear 
to indi cate that it is possible to  d evelop a natu ral landscape 
unit which is sufficiently homogen e ous with r espe ct to ea ch 
of the above characte ristics and wo uld be useful to me et th e 
needs of many disciplines . 
( 6 )  The results of this study would appear t o  indi cate that much 
mo re experien ce is necessary fo r delineating ai rphoto 
interpreted map units on flat te r rain than in terrain of highe r 
relief . 
The homogen eity of mapping units appear ed to be less 
whe re changes in soil and other surfa ce featu r es o c curred 
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a t  clo s ely spaced int ervals. The s e cha ng e s we r e no t v i s ible 
on the smalle r scale ( 1 : 20 ,  000 ) pho tograph s  that wer e  u s ed. 
Although ther e we re no compariso n s  made in this s tudy wi th 
r e spect to scale of pho tog raphy ,  it would s eem that the 
r e sult s  obta i ned i n  thi s study wou ld b e  h ighly imp roved if 
the mapping we r e do ne on a la rge r  s cale  ( 1 :  8, 000 ) photo -
g r aph s. 
I n co nc lu s io n , the re sult s  of thi s  study would appear to ind icate 
that through the applicat ion of pr ev i ously outlined airphoto interp r eting 
guide s it i s po s s ible t o  d evelop land scape unit s  wh ich a r e suffi c iently' 
homog eneou s to be u s eful fo r  providing r e a s o nably p r ec ise phy s i cal 
resource info rmatio n fo r  applicatio n  in mod e r ately exten s ive land u s e 
planning. 
It s hould be r emember ed that the int e rp r etatio n of aerial photo -
g raph s  i s  not an independent sc ience, but a method of ext r eme 
impo rtance fo r va r iou s sci ences such a s  geology, hydrology, plant 
sc i e nce and s o il sc ience .  Thu s , if we apply ou r extensive qua ntitat ive 
data in g eology, s oil science, hyd rology, plant sci enc e and climatology 
along with the knowledge we have about ai rphoto int e rpr etati o n, it 
would then appea r  that we could make good u s e of phy siog r aph ic 
t e r r ain analy sis a s a method of phys ical re s ou rc e s to cktaking. 
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Appendix Table 1 .  Description of land system 1 as a whole . 
Mean annual rainfull 1 6 .  3 inches1 8 0 %  falling  from March through Se pt ember.  0 
Mean annual t empe rature 4 9  o 6 F .  
Cemented sandy and grave lly outwa sh  from fesh wa 
thin mantle of eolian silts (average th ickness appro 
sediments ove rlain by a 
imate ly 3 I /2  feet ) . 
E ither level or nearly level upland pla in . Definite topographic re lat ionships are 
absent 1 exc ept for the occurrence of numerous potholes and depressions and 
widely spaced drainageways 0 
Drainage patterns are non �dist inct . Dra inage tributaries are wide ly spacedo  
Nearly 1 0 0% cult ivated. 
64 , 2 9 2  
Form 
Level to nearly level1 long slopes with convex 
summits 
Small, c ircular depressions 
Drainageways characterized by a narrow, disse cted 
channe l, smoothly curved w ith short sloping side 
slopes 




-,.�A total of 5 6 depress ions or potholes were recogniz ed in this land system by airphoto interpretat ion . 









Appendix Table 2 0 Desc r iption of land system 2 as a whole. 
Mean annual r a infall l 6 0  3 inches, 8 0% falli
n g from Ma r ch through Septembe r o 
0 
Mean annual temperatur e 49 o 6 F.  
Cemented sandy and gr avelly fresh wate r o
utwash materials ove rlain by appr ox i­
mately 2 0 0  fe et of eolian sand o 
The area is  cha r acte rized by hummocky a
ppe a r ing ridges tr ending in a northwest ­
southeast dir e ction o A se r ies of na rrow
 to wide valleys sepa r ate the hummo cky 
a r eas in some pa rts of this system. 
The r e is a notice able la ck of any draina
geways o r  t ributa r ies o This would indic ate
 
that most surface  water rea ches the r e g
ion al wate r table o 
Approximately 2 5 %  cultivated o The rema
inder of the area i s  g r assland o 
Total ac r ea ge 5 6 , 5 68 a cres o 
Land facets Form 
2 a Steeply slopin g, humm
ocky a r e as 
2b Steeply sloping, humm
ocky, pitted or blowout are as 
2 c  Moderately sloping r id
gelike a re as which lie on the 
le ewa rd side of fac ets 2 a and 2b 
2 d Nearly level narrow to
 wide valleys that oc cur 
betwe en facets 2 a and 2b 
2 e  Simila r  to fa cet 2 d except that this a re a exhibited a 
ve ry da rk tonal patte rn o Only one delineat ion of this 
facet was made in the study area 














Total acre a ge 
Land fa cets 
3 a  
3 b  
3 c  
Appe nd ix Table 3 o De scription of land system 3 a s  a whole . 
Mean annual ra infall 1 6 .  3 inche s ,  8 0 %  fallin g from March thro ugh S eptembe r . 
0 
Mean annual temperature 49 . 6 F o 
C e me nted s andy and grave lly fre sh water o utwa sh overlain by e o l ia n  sands of  
variable thi ckness . 
A serie s of narrow upland valleys s eparated by rough broken lands havin g narrow 
ridge tops and st eep s ide slope s .  
An area of exce ssive runofL Drainage patt ern is we ll deve lope d and i s  
chara cteriz ed a s  a clo s e ly spaced dendritic type o 
Approximate ly 10 0% grassland o 
3 8 ,  6 6 2 a cres . 
F orm No o o f  mapping unit s 
Narrow ridge tops with s te ep s ide slopes dissected 
by a c lose ly spaced de ndrit i c  draina ge patt ern 
Moderate ly s te ep foot slope s with convex s ummits . 
Th is fa cet o c curs below fa cet  3 a .  This fa c et is 
dis s e ct ed by a broader spaced dendrit i c  dra ina g  
patte rn than that not ed i n  fa c et 3 a  
Narrow upland drainage tributarie s  with flat 
bottoms and gently s loping sideslope s join in g  the 












Appendix T able 4 .  Description of land system 4 as a whole. 
Mean annual rainfall 1 6. 3 inches, 80% falling from March through September. 
Mean annual temperature 49. 6 ° F. 
Very deep,  mixed alluvial deposits. 
Level to nearly level terraces associated with the South Platte River.  
The main river channel cuts through the south part of this system. There are few 
if any terraces occurring on the south side of the river . Except for the river 
channel, there is a noticeable lack of a drainage pattern . Alternating dark and 
light tonal patterns as well as scabby appearing areas indicate that the lower 
terraces are poorly drained and/ or influenced by a shallow water table. River 
channel is perennial. 
Approximately 90% cultivated . Areas thought to be poorly drained are grasslands. 






Form No. of ma.E.E.in g units 
Wide, braided pattern, typical of overloaded streams 1 
Level, narrow and discontinuous low terraces 6 
Nea rly level continuous high terraces parallelin g the 3 
South Platte River 
Gently slopin g high terraces with numerous entrances 6 
of tributaries from the uplands. This facet appears 





4 e  
Append ix Table 4 ( C ont in ue d )  
F orm 
Leve l, narrow to w ide low t erraces along the 
South Platte Rivero  Th is facet occurs on a bout 
the same topo graphic position as facet 4 b, b u  
exhib ited a very dark tonal pattern o n  the 
a irphotos which was used to distinguish this 
facet from facet 4 b 




Land System 1 
Facet 1 b  Facet 1 a  I Fac et 1 c  
'-t I I I 
I I� 
I I . . ••• •• Eo l i an s i lt I · . .. . ... I A l l uv i u m  I M ixe d a l l uv i u m  
and outw ash 
La nd S�stem 2 
L a n d  Facets 2a a n d  2 b 
Eo l ian  sands 
, L a n d Facet 2 c  
I 
I 
Fa cet 2 d 
I 
I L a nd Fac et 
L 2 e  
I 
I M i x ed loc a l  
I a l l u v iu m  a n d  
I eo l i an  sa nds 
La n d  Stst e m  3 
Land F a c et 3 a  
3 b  
I 
D i sconti nuo u s 
mant l e  of eol i a n 
s a n d  o l d e r  out wash 
1 Land Fac et 3 c  
I 
I 
La n d  S�stem 4 
La n d  Facet 4 d  
M i x e d  
up l a n d  
a n d  
te r rac e 
a l l u v i u m  
1 L a n d  Facet 4 c  
I 1Land  F a c et s  4 b  an d 4 e  + -.J... ! L a n d  Facet 1 
... _ ___ I 4a 
Te r ra c e  a l l u v i u m  
Appendix Figure 1 .  Schematic diagram showing the phys iog raphic r elationship 
of Land Facets in ea ch land s ystem. 
'° 
v,.) 
App endix Fi gur e 2 . Ae r ial  photograph showing the 
phy s iographi c r elation s hip s of 
the land s ys t ems . 
94 
A LL POT HO LE S 1 b 
Appendix F i g ure 3 .  Aerial phot o g raph sho win g t ypical 
land fo rm patterns of Land Facets 
delineated in land system 1 . 
95 
App endix Figu r e  4 .  Ae r ial phot o g r aph showing typi cal 
land fo rm patt e rn s  of Land Fa c et s  
delineate d in land s y stem 2 .  
App endix Figur e 5 .  Ae r ial  photog r aph showing  t ypical 
land form patte rn s of Land Fa cet s 
delineated in land s ys tem 3 .  
App endix Figur e  6 .  Ae rial photograph showing typica l  
land form patt e rns o f  Land Fa cet s  
del ineat ed in land s ystem 4 .  
-� -. 
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